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ABSTRACT 
This paper explores the role of management ability in explaining efficiency on 
New York dairy farms using both Data Envelopment Analysis (DEA) and stochastic 
frontier estimation.  First, we test whether computed technical, cost, and revenue 
efficiencies under DEA are due to a missing input, which we argue may be the 
management input. Using an unbalanced panel of individual farm data from the 
Cornell University’s Dairy Farm Business Summary (DFBS) from 1993 - 2004 we 
define 6 inputs, including operator labor, hired labor, purchased feed, livestock, 
capital, and crop inputs, and two outputs, including milk output and all other outputs.  
We define the management input in two ways.  First, the DFBS asks farmers to 
estimate their own values of labor and management.  Second, the panel nature of the 
data set allows us to use the previous year’s net farm income as a measure of farmer 
management ability.  Using the lagged data prevents any contemporaneous bias in 
efficiency measurement and is consistent with Stigler’s conjecture that differences in 
management ability should be captured in profits.  To test for the effects of the 
missing management input we first calculate DEA efficiency scores using the original 
six inputs and two outputs.  These efficiencies are recalculated first using operators’ 
values of labor and management, and then using lagged net farm income, in place of 
the operator labor input.  The resulting efficiency scores are compared. We find weak 
evidence of the missing management input using our two measures, and that change in 
computed efficiencies resulting from including the management input depends on 
whether one uses an input or output orientation. The change in efficiencies using 
operators’ values of labor and management are small, often less than 1 percent.  Using 
lagged net farm income as the management input increases computed input-oriented 
technical efficiency by an average of 1 percent and cost efficiency by 1.2 percent.  
Output oriented technical efficiency increases by 1.7 percent and revenue efficiency     
increases by nearly 2 percent.  The impact of this measure of the management input on 
the allocative components of cost and revenue efficiencies was negligible, indicating 
that this measure of management ability serves more to explain differences in 
technology choice than allocative abilities.  
  We also estimate input- and output-oriented technical efficiencies, cost 
efficiencies and revenue efficiencies using stochastic frontier functions. The technical 
efficiencies are estimated using distance function methodologies.  We transform our 
management input variables to a per cow basis and include them as efficiency effects 
variables along with operator age, education, farm size, and years of participation in 
the DFBS.  This allows us to measure the impacts of management ability on farm 
efficiency while controlling for other factors that may also affect efficiency.  We 
estimate conditional mean and heteroscedastic efficiency term specifications for each 
frontier model.  We again find that using lagged net farm income per cow may be a 
preferred measure of management ability than farmers’ own estimates of the value of 
their labor and management per cow.  We find that, at the margin, this measure of 
management ability increases input-oriented technical efficiency by 1.4 – 1.5 percent 
and cost efficiency by between 1.7 – 2.9 percent, depending on specification. Output 
oriented technical efficiency and revenue efficiency increase at the margin by 1.8 – 3.0 
percent and by 2.4 – 4.2 percent respectively.  We also find increasing efficiency with 
operator education, farm size, and extended DFBS participation and decreasing 
efficiency with operator age.   
  Finally, we present a discussion of whether an input or output orientation is 
more appropriate for the farms in our sample and compare the dairy farm efficiencies 
predicted by DEA and the stochastic frontiers.  We find that, for our data set, the 
distributions of farm efficiencies are very similar under DEA and stochastic frontier 
estimations, but individual farm rankings are quite different between the two.       iii
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CHAPTER 1 
INTRODUCTION 
The notion of efficiency has been an active area of economic research for more 
than fifty years. Broadly defined, inefficiency is any deviation from a frontier 
(Førsund, Lovell and Schmidt 1980), whether production, cost, revenue, or profit.  
Implicit in this definition is the existence of a frontier from which characterizes 
optimal behavior.  Debreu (1951) considered the case of the underutilization of 
resources and proposed what he called the “coefficient of resource utilization” as the 
radial expansion of resources necessary to achieve optimal production in an economy.  
In his groundbreaking work, Farrell (1957) proposed numerical measures efficiency 
for individual firms.  He distinguished technical efficiency, minimizing inputs to 
produce a given output, and allocative efficiency, using inputs in the correct (optimal) 
proportions according to their prices.  
  From Farrell’s work, in combination with the enumeration of Shephard’s 
(1970) distance functions, came the development of empirical tools to measure the 
efficiency of firms.  These encompass stochastic frontier econometric (Aigner, Lovell, 
and Schmidt 1977; Greene 1980; Battese and Coelli 1988 1995; Färe and Grosskopf 
1990) and mathematical programming (Charnes, Cooper and Rhodes 1978; Banker, 
Charnes, and Cooper 1984; Färe, Grosskopf, and Lovell 1985) techniques.  Other 
methods for estimating the efficiency of firms include non-frontier estimation 
methods, which introduce coefficients that vary according to a pre-specified efficiency 
function (Lau and Yotopoulos 1971; Stefanou and Saxena 1988; Kumbhakar 1996).   
The importance of this work notwithstanding, the measurement of inefficiency 
does not explain why it persists.  The ability to explain differences in efficiency across 
similar firms is necessary if economists are to provide prescriptive advice to firms, 
recognizing the social benefit of more efficient economic activity.  2
 Some explanations of inefficiency predate its measurement, and are based on 
more general criticisms of neoclassical production theory.  Knight (1921) argued that 
it is not possible for firms to calculate optimal decision rules, and that production 
functions are mere theoretical ideals.  A similar explanation of the inability for 
individuals to process the vast amounts of information necessary to behave optimally 
is presented in Hayek (1945).  The “bounded rationality” theory of Simon (1959) and 
the evolutionary theory of Nelson and Winter (1982) can similarly be invoked to 
question the existence of known frontiers and, by extension, the meaning of efficiency. 
  Other explanations for observed inefficiencies are consistent with neoclassical 
production theory. Tauer (2001) shows that inappropriately aggregating inputs results 
in the measurement of technical inefficiency.  A formal proof of the bias in efficiency 
measurement for the case of the use of a linear aggregator in mathematical 
programming techniques is found in Thomas and Tauer (1994).  
  The existence of exogenously fixed inputs also influences computed 
efficiencies (Banker and Morey 1986).  Such inputs are beyond the control of firm 
managers and their inclusion in the analysis ensures that relative efficiency levels are 
computed for firms that are truly similar. This work was extended by Tauer (1993) to 
include quasi-fixed inputs where a distinction is made between short and long run 
efficiencies.  
  A final explanation of computed inefficiencies, not unrelated to aggregation 
bias or fixed inputs, is the failure to include all relevant inputs in the estimation of the 
efficient frontier.  This is the basis for Leibenstein’s (1966) theory of “X-efficiency.”  
According to Leibenstein, differences in output across firms using the same input sets 
are due to differences in incentives for workers and managers to perform optimally, or 
simply differences in inherent capabilities.  This view was criticized by Stigler (1976), 
who argues any variation in output can be attributed to specific inputs, namely  3
management ability. The manager (or entrepreneur) must decide upon, prior to any 
allocative decisions, the production technology to use and how much knowledge to 
invest.  Once that decision is made, according to Stigler, each firm is operating on the 
efficient frontier, although not necessarily the same frontier as other firms. Hence, 
similar to Tauer’s (1987) argument, said “X-efficiency” is simply allocative 
efficiency.  
Measuring and defining management ability is a problem that has long 
perplexed economists. At an abstract level, management can be considered a fourth 
factor of production, apart from the conventional land, labor, and capital.  Rougoor, 
Trip, Huirne, and Renkema (1998) argue that management ability consists of both 
personal aspects of the farmer and the decision-making process. The personal aspects 
of the farmer such as motivations, abilities, and experience directly affect the decision-
making process, which encompasses planning, implementation, and control.  Together 
these determine technology choice (the production function), which affects farm 
results in terms of efficiency and profitability.   
Nuthall (2000) employs psychological concepts to define managerial ability. 
Among these are the desire or ability to be fully rational, memory, and learning. 
Indeed, as discussed above, rationality is necessary for efficiency to have any 
meaning. Memory and learning are interrelated in that memory involves the 
observation and storage of knowledge and learning. According to Anderson (1983) 
interpreting and compiling that knowledge to use it to improve existing production 
structures.  Thus, management ability can change over time, for better or for worse, 
depending on a farmer’s ability to remember and learn from past successes and 
mistakes.  
Management ability that involves the gathering and processing of knowledge 
and information may also affect technology adoption (Feder and Slade 1984). Farms  4
that are slower to adopt, or fail to adopt, better technologies may be observed as 
inefficient. 
Castle, Becker, and Nelson (1987, p. 3) define farm management as “decisions 
affecting the profitability of the farm business.” Citing Robbins (1928), Stigler argues 
that just as different productivities of inputs are reflected in factor prices, so different 
managerial abilities are reflected in differences in profits. Mefford (1986) estimates a 
production function for industrial plants that incorporates a management input as 
defined by internal plant performance rankings such as the attainment of output, 
budget, and quality goals.  In an investigation of the effects of management ability on 
scale economies for dairy farms in England and Wales, Dawson and Hubbard (1987) 
define the management ability as returns over feed costs, a method also used in a 
similar study of scale economies in the South African dairy sector by Beyers (2001). 
Jofre-Giraudo, Streeter, and Lazarus (1990) present a subjective measure of farmer 
management ability by asking farmers whether the benefits of their management 
decisions (involving computer adoption) outweighed the costs. 
The early efficiency studies attempt to explain differences in computed 
efficiencies by performing a regression or other statistical exercise of efficiency on a 
set of explanatory variables, some of which may proxy for management ability.  For 
example, Tauer (1993) regresses short-run and long-run technical and allocative 
efficiencies for a sample of New York dairy farms on a set of variables including 
operator age and education.  In an efficiency study of Mid-Atlantic sea scallop vessels, 
Kirkley, Squires, and Strand (1998) regress computed technical efficiencies on vessel 
captain age and experience, finding a significant positive effect of each on efficiency.  
In a non-frontier efficiency study of Pennsylvania dairy farms, Stefanou and Saxena 
(1988) find higher levels of education and experience have positive effects on 
allocative efficiency.   5
  The purpose of this paper is to test whether computed inefficiency is due to the 
failure to include a measure of the management input.  We compute technical, cost, 
and revenue efficiency for a sample of New York dairy farms using farm-level data.  
We test our hypotheses first using nonparametric data envelopment analysis (DEA) 
with two outputs (milk and other receipts) and six inputs by defining two input sets, 
one including operator labor, hired labor, purchased feed, livestock, capital, and crop 
inputs, and a second which replaces the operator labor input with a proxy for the 
management input.  The resulting technical efficiency estimates for each farm 
computed from each input set are then compared.  We use two separate proxies for the 
management input, including operators’ own estimates of the value of their 
management and labor, and net farm income from the previous year. We use the 
previous year’s net farm income to avoid any simultaneity bias that may arise from 
using concurrent farm performance measures. Second, we estimate stochastic 
frontiers.  Following the methodology of Battese and Coelli (1995), we include our 
management input proxies as explanatory variables in an efficiency effects model, as 
well an heteroscedastic efficiency model as in Hadri (1999).  This allows us to test the 
impact of including management capacity by testing for its effect on the distribution of 
firm efficiencies, while at the same time controlling for other firm-specific 
characteristics like operator age, education, and farm size.  
  Operators’ own valuations of their labor and management is a subjective 
measure similar to the one used in Jofre-Giraudo et al.  The previous year’s net farm 
income is a results oriented measure consistent with the definition of management 
ability given in Castle et al. as well as Stigler’s observation that differences in 
managerial ability should be captured by differences in profits.  
Because the management input serves two functions: technology choice 
(Stigler) and choice of input and output combinations to achieve desired production  6
and returns (Tauer 1987) we expect increases in both computed technical and 
allocative efficiency from its inclusion in our analysis, but there is no theoretical basis 
to justify a larger impact on one over the other.   
For a dairy farm, technology choice involves choices of livestock housing 
structures, milking systems, feeding systems, and machinery.  Once these decisions 
are made they are not likely to be revised very often inasmuch as each decision 
involves a fair amount of fixed capital. Allocative decisions on a dairy farm include 
allotting quantities of labor (say, two or three times per day milking or hired labor vs. 
operator labor), purchased feed, livestock, other capital, and crop production as well as 
the determination of milk production relative to other possible outputs like livestock 
and crop sales.  The most obvious input tradeoffs involve possible substitution 
between purchased feed and farm-grown crop production as well as between operator 
(farm manager) labor and hired labor. Both of these examples fit nicely into the 
standard make or buy allocative decisions common in the management literature. 
Doubtless others exist and we find evidence of input substitutability, production 
systems, and output jointness.  
Ideal measures of the management input or farmer management ability would 
quantify all of the above decisions. Farmers’ subjective valuations of their own values 
of labor and management, we argue, may approximate this true unknown measure 
because it is a general measure of managerial skill or ability. It is, in a sense, what 
farmers’ would be willing to pay themselves and thus may reflect mostly the results of 
allocative decisions if in fact farmers take their technology choices as fixed. Using 
past farm profitability as the management measure also provides a general overview of 
how well the farmer has made all of his or her managerial decisions but cannot 
distinguish between the technology choice and allocative decisions.   7
Management ability may also change over time as farmers gain more 
experience (learning by doing), interact with other farmers, or educate themselves 
through taking advantage of extension services or communications with vendors. In 
this case, we would expect to see some increase in efficiency over time if indeed we 
are measuring the management input or farmer managerial ability in a satisfactory 
way. In fact, our results do show a tendency for farm efficiency to increase over the 
sample period.  
  8
CHAPTER 2 
EFFICIENCY MEASUREMENT 
The Technology Set, Distance Functions, and Duality 
  Broadly defined, inefficiency is any deviation from a frontier (Førsund, Lovell 
and Schmidt 1980), whether production, cost, revenue, or profit.  Implicit in this 
definition is the existence of these respective frontiers.  Following Färe and Primont 
(1995) a production frontier is defined in terms of its technology set, which is nothing 
more than a list of all feasible combinations of inputs and outputs.  Generally, the 
technology set, T, can be defined as  } , , | ) {( y x y x y x,   produce   can   T
k j
+ + ℜ ∈ ℜ ∈ = , for 
x and y nonnegative (j x 1) and (k x 1) input and output vectors, respectively.  The 
production frontier for this multi-input, multi-output technology set is then defined in 
terms of output or input distance functions, originally derived by Shephard,  
       ;     [ 1 . 1 ]  
             ;   [ 1 . 2 ]  
where DO(x, y) and DI(x, y) are the output and input distance functions, respectively.  
The output distance function seeks the largest possible radial expansion in outputs 
possible for a given input vector.  Similarly, the input distance function seeks the 
largest possible radial reduction in inputs for a given output vector. The production 
frontier is then given by: 
 [1.3] 
or, equivalently, 
 [1.4] 
Thus, DO(x, y) < 1 or DI(x, y) > 1implies that this particular input-output combination 
lies “below” the production frontier, indicating technical inefficiency.  
  While either the input distance function or output distance function equal to 
unity are equivalent definitions of F, for any given pair (x, y), DO(x, y) and DI(x, y)
-1 
} ) / ( | 0 max{ ) ( T DI ∈ > = y , x y x, θ θ
} ) / ( | 0 min{ ) ( T DO ∈ > = φ φ y x, y x,
}; 1 ) ( | ) {( = = y x, y x, O D F
}. 1 ) ( | ) {( = = y x, y x, I D F 9
may not be equivalent. This can be seen in Figure 1, which presents both input and 
output distance functions for the special case of a single-input, single-output 
technology. In this case, the frontier F is given by the production function, y = f(x), 
and the technology set T is given by all y ≤ f(x).  The point (x’, y’) clearly lies below 
the frontier and as such is technically inefficient.  The input distance function, DI(x, y) 
= θ
∗ , results in the technically efficient point (x’/ θ
∗ , y’), while the output distance 
function, DO(x, y) = φ
∗ , results in the efficient point (x’, y’/ φ
∗ ).  In this example, φ
∗ ≠ 
(θ
∗ )
−1 .  Only under constant returns to scale technology (or full technical efficiency) 
are the two efficiency measures inverses of one another (Ray 2004).  
 
 
 
 
 
 
 
 
Figure 1. Input and Output Oriented Technical Efficiency 
Cost efficiency is often derived by first defining the input requirement set 
(Färe and Grosskopf 2004), L(y) such that  ). ( | { ) ( y x, x x y T L ∈ =  Then the cost 
function is defined by  
;      [1.5] 
where w is a (j x 1) vector of input prices and y is the output vector. 
)} ( | min{ ) , (
* y x x w L w y C
T ∈ = 10
If we can accept an assumption of cost minimization among firms, then there 
exists a dual relationship between the input distance function and the cost function, 
originally proved by Shephard (1953).  Following Färe and Primont (1995) this 
relationship is stated as (with some change in notation) 
 
   [1.6] 
 
 
The set C
*(y, w) defines the cost frontier.   
  Cost efficiency is defined as the ratio C
*(y, w)/ C(y, w), where C(y, w) is the 
observed cost of a particular firm.  Given the above duality relationship, it is clear that 
cost efficiency contains elements of technical efficiency (distance from the production 
frontier) and allocative efficiency (employing inputs in the optimal proportions with 
respect to their marginal products and prices).  Farrell (1957) decomposed cost 
efficiency into its technical and allocative components.  His results are based on 
Mahler’s (1939) inequality.  Following Färe and Grosskopf (2004), the cost function 
implies that C
*(y, w) ≤ w
Tx for all x ∈  L(y).  Since x/ DI(x, y) ∈  L(y) (it is on the 
boundary of the production set) C
*(y, w) ≤ w
Tx/ DI(x, y), or  
  [1.7] 
 
The left-hand side of the above inequality is the Farrell measure of cost efficiency and 
the right-hand side, the inverse of the Shephard distance function, is the Farrell 
measure of technical efficiency.  The derivation of Farrell’s allocative efficiency 
proceeds as follows. For some α , 0 ≤ α  ≤ 1,  1    
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efficiency.  The above equality also implies that Farrell’s cost measure of cost 
efficiency is the product of its allocative and technical efficiency components.  
 
 
 
 
Figure 2. Single-Input, Single-Output Technical and Cost Efficiency 
  
Farrell used a two input production technology example to show his 
decomposition of cost efficiency into its technical and allocative components.  Cost 
efficiency and its decomposition are shown in Figure 3, where isoquant represents unit 
output. Consider the case were the firm in question is producing with input set A.  The 
isocost line EF implies that the cost minimizing input set is D.  The ray OA intersects 
the isocost line at G. Following Farrell (1957) cost efficiency for the i
th firm is  
        [ 1 . 8 ]  
 
Figure 2. Single-Input, Single-Output Technical and Cost Efficiency 
  We first show this decomposition graphically for the special case of a single-
input, single-output technology shown in Figure 2, which is an adaptation of Figure 
4.1 in Beattie and Taylor (1982).  In this case the production frontier is the production 
function f(x) (panel (a)) and the cost frontier depends only on output level y (panel  12
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(d)). The cost frontier is determined by the lower right vertices of the dashed squares 
determined by panels (a), the cost equation (b), and the 45
o line (c).  Because there is 
only one input, allocative efficiency is equal to unity, regardless of the values of 
technical and cost efficiency, implying that cost efficiency equals technical efficiency.  
The point A lies below the production frontier and is clearly technically inefficiency. 
This technically inefficiency production results production costs equal to B, which lies 
above the cost frontier. The input distance function the technically efficient point, 
A/θ
∗  from which the cost efficient point B/θ
∗  is implied. 
 
 
 
 
 
 
 
 
 
Figure 3: Decomposing Cost Efficiency into Technical and Allocative Efficiency 
Farrell’s decomposition proceeds as follows:  
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where C  is the cost of producing using input set B, the input set where the ray from 
OA intersects the isoquant.  In terms of Figure 3, Farrell’s decomposition is 
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Similar to the derivation of cost efficiency, revenue efficiency is often stated in terms 
of the output set (Färe and Primont 1995), P(x), where 
   .    [1.12] 
Then the revenue function is defined for input levels and output prices such that, 
   [1.13] 
where p is a vector of output prices. R
*(x,p) defines the revenue frontier. Shephard 
(1970) proved a duality between the revenue function and the output distance function 
stated below as: 
  
   [1.14] 
 
 
which results in the output oriented Mahler’s Inequality,  
   [1.15] 
where R(x,p) is the observed revenue of a particular firm. Revenue efficiency is 
defined as the ratio of observed revenue to optimal (frontier value) revenue, 
R(x,p)/R
*(x,p)≤ 1. The above output oriented Mahler’s inequality then implies that 
revenue efficiency is less than or equal to output oriented technical efficiency given by 
the output distance function. Farrell’s decomposition of revenue efficiency as the 
product of allocative and technical efficiencies then follows directly: 
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The quantity (1 – β ), , 1 0 ≤ ≤ β  is the Farrell index of output oriented allocative 
efficiency. 
Revenue efficiency and its decomposition for the two-output case are shown in 
Figure 4, where the production possibilities curve represents unit input. The firm 
under consideration is producing output set A.  The isorevenue line EF implies the 
revenue maximizing output set is D.  The ray from the origin through point A 
intersects the production frontier at point G, and the isorevenue line at B.  Revenue 
efficiency for the i
th firm is: 
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Revenue efficiency is similarly decomposed into technical and allocative components,  
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where  R  is the revenue earned from producing output set B.  In terms of Figure 2 this 
decomposition is 
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Figure 4:  Decomposing Revenue Efficiency into Technical and Allocative 
Components 
The above Farrell efficiency measures with their basis in Shephard’s distance 
functions are widely used and will be used for the empirical analyses to follow, but 
they are by no means comprehensive.  For example, profit efficiency is discussed in 
Coelli Rao and Battese (1998) and Ray (2004).  Indirect distance functions are 
presented in Färe and Primont (1995). Directional distance functions, which allow for 
non-radial scaling of both inputs and outputs, are presented in Färe and Grosskopf 
(2004). 
The estimation of efficiency in the literature has generally followed two 
distinct threads. The first uses linear programming methods to compute the frontiers, 
creating a piece-wise linear surface.  The resulting efficiency measures are Farrell 
efficiency indices.  The method was first proposed by Boles (1966) and Afriat (1972), 
.
(
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= = 16
but did not see much practical use until 1978 when Charnes, Cooper, and Rhodes 
coined the term Data Envelopment Analysis (DEA). 
  The other common method of efficiency measurement involves the use of 
econometric techniques to estimate the various frontiers, known as stochastic frontier 
estimation. The chief advantage of stochastic frontiers is the ability of these tools to 
manage random error in the data, as opposed to the deterministic linear programming 
used in DEA. Stochastic frontier estimation also allows for the estimation of the 
effects of firm-specific variables on efficiency. Both DEA and stochastic frontier 
estimation are discussed below.  
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CHAPTER 3 
DATA ENVELOPMENT ANALYSIS 
Technical Efficiency with DEA 
  Data envelopment analysis computes technical efficiency as a weighted 
average of outputs over inputs. Following Ray (2004) the weights applied to the inputs 
and outputs are selected by solving the well-known “ratio problem” of Charnes, 
Cooper, and Rhodes (1978): 
        
[2.1] 
 
 
Where yi is a (k x1) vector of outputs, and xi is a (j x 1) vector of inputs for the i
th 
firms.  Y is a (k x n) matrix containing the output vectors of the n firms.  X is a (j x n) 
matrix of input vectors for the n firms.  The dimensions of pi and wi are (k x1) and (j x 
1), respectively and 0 is an (n x 1) null vector.  The problem is to choose p and w that 
maximizes the average product of aggregate output to aggregate input of the i
th
 firm 
subject to the constraint that no other firm has an average product greater than unity.  
 If the condition wi
Txi = 1 is imposed and the first constraint is rearranged the 
problem can be solved by linear programming methods.  The problem then becomes: 
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The implication of adding this normalization constraint is that the objective function 
has a maximum at unity. The dual of problem [2] is the envelopment model for 
technical efficiency (Ray 2004):  
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      [ 2 . 3 ]  
 
   
In this problem λ  is an (n x 1) intensity vector, and the scalar, θ , is the measure of 
technical efficiency. The intensity vector, λ , forms a “new” firm by taking a linear 
combination of input and output sets of other observed firms, which are called peers of 
the firm being analyzed.  This measure of technical efficiency can be interpreted as the 
maximum radial reduction in inputs possible for the i
th firm to produce at the boundary 
of the efficient production set.  Problem [3] is an input oriented measure of technical 
efficiency in that it seeks the largest possible radial reduction in inputs possible given 
an output vector y.  As such, it is a nonparametric estimate of the inverse of 
Shephard’s input distance function. 
If we substitute θ φ 1 = , and λ µ θ
1 = , we arrive at an output oriented measure of 
technical efficiency.  
 
       [ 2 . 4 ]  
 
 
The optimal solution to problem [4] is the radial expansion in output vector necessary 
for the i
th  firm to be producing at the boundary of the efficiency production set given 
its input vector, and is the nonparametric estimate of the inverse of Shephard’s output 
distance function. The output oriented technical efficiency indicator is usually 
computed as φ
−1 . This is the envelopment problem, which can also be derived by 
normalizing the numerator of [1] to unity, and then minimizing the denominator 
subject to the relevant constraints that no firm can have efficiency greater than unity. 
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Both problems [3] and [4] assume constant returns to scale (CRS) technology, and 
under this assumption the optimal solution to [3] is equal to the inverse of the optimal 
solution to (4) for each firms; 
1 * * ) (
− = i i φ θ .   
  The CRS assumption can be relaxed to allow variable returns to scale (VRS) 
technology by imposing the added restriction that the components of the intensity 
vector sum to unity, which implies that the envelopment process generates a “new” 
firm that is a convex combination of its peer firms.  Problem [3] becomes: 
     
[2.5] 
 
 
 
Similarly, problem [4] becomes:    
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It should be noted, however, that once we allow variable returns to scale, the optimal 
solutions to each problem are not necessarily inverses of each other for each firm. 
  Variable returns can also be imposed through the primal with the following 
modifications: 
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This is equivalent to imposing an extra input (or some unknown fixed input) that has a 
level of unity for each firm in the analysis (Womer, Shroff, Gulledge, and Haynes 
2003).  
Cost Efficiency with DEA 
  For DEA cost efficiency, given a set of input prices, the problem is to calculate 
the input vector that minimized total cost subject to the constraints that the optimal 
input vector is feasible and that it will produce at least as much output as the observed 
output of the firm under consideration. Cost efficiency is then the ratio of observed 
total cost, C, to optimal total cost, C
*.  Again, following Ray, the DEA cost 
minimization problem, assuming that all firms face identical price vectors is: 
        
[2.8] 
 
 
Allowing variable returns to scale, the problem becomes: 
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The dimensions of x, yi, λ,  X, and Y are the same as in problems [1] – [4], and cx is a 
(jx1) vector of known input prices. The computed cost efficiency of the i
th
 firm is 
Ci
*/Ci, where Ci is the observed cost of firm i. 
  As described previously, Farrell’s decomposition of cost efficiency into its 
allocative and technical components is: 
  
[2.10] 
Revenue Efficiency with DEA 
  Given a known set of output prices, revenue efficiency can be calculated by 
selecting the output vector that maximizes revenue, subject to the constraint that the 
output vector is feasible and the input vector is not greater than a linear combination of  
the observed input vectors.  Revenue efficiency, is then the ratio of actual revenue, R, 
to optimal revenue, R
*.  The DEA problem for revenue maximization is: 
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Allowing variable returns to scale, the problem becomes: 
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The dimensions of xi, y, µ, X, and Y are the same as in problems (1) – (4), and 
cy is a (kx1) vector of known output prices. The computed revenue efficiency of the i
th
 
firm is Ri/Ri
*, where Ri is the observed revenue for firm i. 
  Again, derivation of output oriented allocative efficiency is the ratio of revenue 
efficiency to output oriented technical efficiency: 
[2.13] 
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CHAPTER 4 
STOCHASTIC FRONTIER ESTIMATION  
Output Distance Functions 
  Stochastic frontier estimation allows efficiency to be measured within an 
econometric framework, in which deviations from the frontier are explained by both 
inefficiency and random error.  In the case of multi-output, multi-input technology, 
estimation of efficiency is accomplished using distance functions. 
Multi-output distance functions began with the work of Shephard (1953 1970), 
Färe (1988), Färe and Groskopf (1990), and Färe, Groskopf and Lovell (1994).  We 
follow the translog multi-output distance function methodology used in Bjorndal, 
Koundouri, and Pascoe (2002), and Paul and Nehring (2003).   
  Recall that the technology set is given by  
      [ 3 . 1 ]  
The output oriented distance function for the i
th farm is then 
        [ 3 . 2 ]  
which is the largest radial expansion all outputs  possible to remain in the production 
set. A value of φ = 1, implies that the output set lies on the frontier of the production 
set, and is thus the same distance function concept employed in the DEA analysis.   
  We elect to model the output distance function using a translog distance 
function over the alternative Cobb-Douglas or CES distance functions because of its 
well-known flexibility and it does not impose any restriction on the substitutability of 
inputs or outputs.  The translog distance function for m outputs and k inputs is given 
by: 
                 
   [3.3] 
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The distance function requires homogeneity of degree one in outputs, which in turn 
requires that  1 = ∑
m
m α , , 0 = ∑
n
mn β and 0 = ∑
m
km β .  This is accomplished by 
normalizing the function by an output. Using y1 as the normalizing output, the distance 
function then becomes: 
 
 [3.4] 
 
where, ym
* = ym / y1. Symmetry requires that  nm mn β β = ,  lk kl β β = , and  mk km β β = . 
Finally, letting ln DO,i = ui, and appending an error term to the right hand side, the 
translog distance function becomes: 
 
   [3.5] 
    
where  i i u v −  is an additive error term with random noise part v and efficiency part u 
(Coelli, Rao, and Battese 1998).  The distribution of v is assumed ) , 0 ( ~
2
v N v σ .  
Defining  i i i u v e − ≡ , the estimated technical efficiency for the i
th firm is 
]. | ) [exp( i i e u E −  
Input Distance Functions 
  Similarly, we can define a multi-output, multi-input input distance function 
to measure the extent of technical efficiency from an input-oriented perspective.   
Recall that the input oriented distance function for the i
th farm is ,  
                 [3.6] 
which is the largest radial contraction of all inputs possible to remain in the input set.  
  The translog input distance function is then: 
      
} ) / ( | 0 max{ ) ( T DI ∈ > = y , x y x, θ θ 
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[3.7] 
 
  The input distance function is homogeneous of degree 1 in inputs. To impose 
this restriction, we normalize the function by an input.  Choosing x1 as the normalizing 
input, the input distance function becomes: 
 
 
[3.8] 
 
where x
* = xk / x1.  Symmetry requires that nm mn β β = , lk kl β β = , and  mk km β β = . 
Defining ln(DI,i) = ui and appending a random error term, the input distance  
function becomes: 
 
[3.9] 
 
 
Defining  i i i u v e − ≡ , the estimated technical efficiency for the i
th firm is 
]. | ) [exp( i i e u E  
Performance Measures 
  Production elasticities can be calculated directly from the output distance 
function because of its log-linear form. These elasticities provide a summary of the 
shape of the production surface.  Following Morrison Paul and Nehring (2005),  
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 is the percentage change in all outputs resulting from a one-percentage 
increase in the k
th input, holding all output ratios (output composition) constant.   
Hence,  k y1, ε =
∂
∂
=
∂
∂ −
k k
O
x
y
x
D
ln
ln
ln
ln 1 , is the elasticity of production of the k
th input.  For  
the translog output distance function, these elasticities vary for every point on the  
production surface.  Again following Morrison Paul, ε y1,k can be decomposed into first 
and second-order effects from the output distance function as: 
[3.10] 
 
The terms inside the summations are cross-effects between the inputs and outputs. The  
coefficients 
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β   reflect bias from increases in the levels of xk . If 
β kl*lnxl is positive, then higher levels of xl increase the production elasticity of xk, 
indicating a complimentary relationship between xk and xl.   
  Similar measures can be developed from the input distance function, which can 
be interpreted as an input requirement frontier. 
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.  These elasticities can similarly be decomposed 
into second order cross-effects,  
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An estimate of β mn < 0 implies output jointness, while β mn > 0 and  β mn = 0  imply 
economically competitive inputs and output independence, respectively.  Summing the  
 
27
 
 
 
; ln ln ln ln
2
1
ln ln ln
2
1
ln ) ln(
, , ,
, , , 0
i m i k
km
km i l
kl
k kl
i k
k
k i n
mn
m mn
m
i m m i
y r r r
r y y y TC
∑∑ ∑∑
∑ ∑∑ ∑
+ +
+ + + =
β β
α β α α
above input elasticities results in an estimate of returns to scale from an input oriented 
perspective. 
The choice of an output or input specification depends on whether one believes 
input or output choices are more likely to describe farmers’ decision-making 
processes.  The duality of the input distance function and the cost function suggests 
that if farmers choose inputs to minimize the cost of producing some target output, 
then an input distance function approach would be most appropriate.  Then an estimate 
of input oriented allocative efficiency can be derived from the ratio of estimated cost 
efficiency to estimated input oriented technical efficiency. On the other hand, if inputs 
are considered relatively fixed to the farmer, an output distance function would be 
more appropriate, with estimated allocative efficiency derived from estimated revenue 
efficiency.  
Stochastic Cost Frontiers 
  The stochastic cost frontier is specified as a translog cost function with a two-
part error structure, v + u, where v and u are described above.  The multi-output, 
multi-input translog cost function specifies total cost of a farm as a function of input 
prices and output levels: 
 
 
[3.12] 
   
where TC is the total cost the i
th farm, and rk is the price of the k
th input.   
  The cost function must be homogeneous of degree 1 in input prices.  This is 
accomplished by normalizing the function by one of the input prices.  Normalizing by 
the r1 and appending the two-part error term, the cost function becomes:  
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where r
* = rk / r1.  Symmetry requires that nm mn β β = , lk kl β β = , and  mk km β β = .  The 
translog cost function also requires that costs are monotonically increasing and 
concave in input prices.  For monotonicity,  ()
k
r
TC
k
i ∀ >
∂
∂
0
ln
ln
 , and for concavity, 
the matrix β kl must be negative semi-definite.   
An estimate of returns to scale is found by summing the first-order partial derivatives 
of the cost function with respect to the natural logs of each output,  
). ln( / ) ln(
1 ∑ ∂ ∂ =
−
m
m y TC RTS   
The distance from the cost frontier is measured by u (Coelli 1996).  Cost 
efficiency for the i
th farm is then computed as  ]. | ) [exp( i i e u E  With this formulation, 
cost efficiency is greater than or equal to unity.  Its inverse, therefore, is the 
percentage reduction in cost necessary to bring total cost to the frontier. 
  Cost efficiency contains elements of both (input oriented) technical and 
allocative efficiency.  If allocative efficiency is assumed, then cost efficiency can be 
interpreted as the monetary cost of technical inefficiency.   
Stochastic Revenue Frontiers   
The stochastic revenue frontier is specified as a translog revenue function with 
a two part error structure, v – u, where v and u are the same as above.  The multi-
output, multi-input translog revenue function specifies total revenue as a function of 
output prices and input levels: 
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where pm is the price of the m
th output and Ri is the total revenue of the i
th farm. The 
revenue function must be homogeneous of degree 1 in output prices.  This is 
accomplished by normalizing the function by one of the output prices.  Choosing p1 as 
the normalizing price and appending the two-part error structure, the stochastic 
revenue frontier function becomes: 
 
[3.15] 
 
where p
* = pk / p1.  Symmetry requires that nm mn β β = , lk kl β β = , and  mk km β β = .   
  Revenue efficiency also contains elements of both (output oriented) technical 
and allocative efficiency.  If allocative efficiency is assumed, then revenue efficiency 
can be interpreted as the loss in revenue resulting from technical inefficiency. 
Estimated revenue efficiency for the i
th firm is  ]. | ) [exp( i i e u E −   
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CHAPTER 5 
DATA AND METHODS  
Data Sources 
  The New York State Dairy Farm Business Summary (DFBS) collects data 
from New York dairy farmers on a voluntary basis.  Inputs and outputs were taken 
from the DFBS for each year from 1993 to 2004.  The number of farms participating 
varies each year and ranges from 354 in 1993 to 199 in 2004.  The total number of 
farms included in the analysis is shown in Table A.1 in the appendix. The DFBS 
survey contains input and output data on an accrual basis as well as inventory 
accounts.   
Six inputs and two outputs are defined for the full sample analysis by 
aggregating the accrual and inventory accounts. Price indexes taken from Agricultural 
Prices are used to deflate the accrual and inventory accounts to 1990 -1992 U.S. 
dollars.  The aggregate inputs are operator labor input, hired labor input, purchased 
feed input, livestock input, capital input, and crop inputs.  The two outputs are milk 
and other outputs.  Table 1 shows the DFBS items aggregated to form the inputs and 
outputs and the price indexes used. Summary statistics for the aggregated inputs are 
found in Table 2.  The price indexes used are found in Table A.2. 
 For the dairy farms in this sample, milk production is by far the most 
important of the two outputs we have defined.  Using these normalized accrual 
measures, milk output accounts for 88 percent of the total output at the mean of our 
sample.    
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Table 1:  DFBS Items Aggregated to form Inputs and Outputs 
Input Price  Index DFBS  Items  Aggregated 
Operator labor and management input  CPI  Operator value of labor and management 
Operator Labor Input  Wages  Operator Months X DFBS imputed monthly wage rate 
Hired Labor Input  Wages  Hired Labor Months X DFBS imputed monthly wage rate 
      Family paid labor X DFBS imputed monthly wage rate 
      Family unpaid labor X DFBS imputed monthly wage rate 
Purchased feed input  Complete feeds  Grain 
      Nondairy Feed 
   All hay  Purchased Roughage 
Livestock Input  Replacement Cows  Cattle lease 
      Replacement Cattle 
      Expansion Cattle 
      Other livestock 
      Interest on Cattle inventory (5 % of the average value) 
   Supplies  Bedding 
      Milking supplies 
      Miscellaneous expenses 
      BST Expenses 
   Other Services  Breeding Services 
      Veterinarian Services 
      Milk Marketing Expenses 
      Custom Boarding Expenses 
   Fuel  Utilities Expenses 
Capital Input  Farm Machinery  Machinery Rental 
      Machinery Repair 
      Machinery Depreciation 
      Interest on Machinery Inventory (5 % of the average value) 
   Building Materials  Building Expenses 
   Rent  Rent 
      Real Estate Depreciation 
      Interest on Real Estate (5 % of the average value) 
   Taxes  Tax Expenses 
   CPI  Insurance 
   Interest  Interest 
Crop Input  Fertilizer  Fertilizer Expenses 
   Seeds  Seed Expenses 
   Chemicals  Spray Expenses 
   Fuel  Fuel Expenses 
        
Output  Price Index  DFBS Items Aggregated 
Milk output  Milk  Milk receipts 
Other output  Livestock  Cattle  accrual receipts 
      Calf accrual receipts 
      Other livestock accrual receipts 
   All Hay  Crop accrual receipts 
   Custom Rates  Custom machine accrual receipts 
   CPI  Government receipts 
      Other receipts  
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The outputs aggregated to form our measure of “other output” consist largely of what 
may be considered by products of milk production, such as livestock sales (cull cows 
and calves), government payments, and herd appreciation.  Thus we expect  
the input distance functions and cost functions to show jointness in outputs resulting 
from the concurrent production of both outputs.  On average, the capital and purchased 
feed inputs are the largest in the input set, followed by livestock, hired labor, and crop, 
inputs.    
Table 2:  Summary Statistics for Aggregate Inputs and Outputs 
Variable  Mean Std.  Dev. Min  Max  N 
Milk Output  6538.0904 8830.9888 375.3266 83724.8275 3375
Other Output  931.7677 1277.2192 -326.4779 10180.9751 3375
Operator Labor Input  274.3623 136.7552 34.1020 857.1199 3375
Hired Labor Input  631.1861 850.7087 0.0000 8324.5604 3375
Purchased Feed Input  1800.2484 2463.0675 60.9474 22460.6317 3375
Livestock Input  1538.7332 2176.5941 94.9177 21539.2233 3375
Capital Input  1849.4550 2161.2868 174.4836 17785.1875 3375
Crop Input  415.2313 490.5609 5.9551 3919.0137 3375
Operator Value of 
Labor and Management  347.2096 244.5970 45.1843 2080.9087 3375
Net Farm Income  928.1829 1448.9995 -1536.7645 12227.9158 3375
 
Revenue and cost efficiency DEA problems require knowledge of output and 
input prices.  Prices indexes were calculated for the aggregate inputs by means of a 
weighted average of the price indexes used for the individual DFBS items used in the 
aggregation process.  The weights assigned are the average over all farms in each year  
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of the proportion of the total input accounted for by each DFBS item.  This ensures 
that although the quantities of the DFBS items may be different for each farm, all 
farms face the identical prices for the aggregate input or output. The aggregate input 
price indexes are displayed in Table 3.   
Table 3: Aggregate Input and Output Price Indexes 
Year Milk  Output 
Other 
Output 
Operator Value 
of Labor and 
Management / 
NFI 
Operator 
Labor Input 
Hired Labor 
Input 
1993  96 102  107 108  108
1994  98 101  109 111  111
1995 96  99  112  114  114
1996  110 106  115 117  117
1997  99 107  118 123  123
1998  114 107  120 129  129
1999  108 107  122 135  135
2000  97 112  126 140  140
2001  116 114  130 146  146
2002  94 114  133 153  153
2003  97 119  136 157  157
2004  124 127  141 161  161
         
                
 
Year 
Purchased 
Feed Input 
Livestock 
Input Capital  Input  Crop  Input   
1993 102  104  102 98   
1994  105 105  108 102   
1995  101 107  115 108   
1996  127 107  121 114   
1997  125 109  125 116   
1998  112 107  122 108   
1999  104 113  123 108   
2000  104 120  125 124   
2001  111 124  129 123   
2002  114 125  131 118   
2003  113 124  133 136   
2004  122 133  140 150   
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DEA Methods 
  We define two separate management inputs.  The first is the operators’ own 
values of their management and labor, which they provide as part of the DFBS survey. 
For farms with more than one operator, we simply sum up the values for each 
operator.  This is a subjective estimate in that it is each farm operator’s best guess at 
his or her own value in the production process. As such, it could suffer from 
systematic bias if farmers consistently underestimate or overestimate the value of their 
own labor and management. The second is net farm income (with appreciation) as 
calculated by the DFBS.  Asset appreciation also consists of farmer estimates and thus 
may suffer from the same subjective bias, but asset appreciation is a small part of net 
farm income. Furthermore, most farm assets are tradable, like livestock and land, with 
market prices readily known by farmers.  Thus we do not suspect any systematic 
overestimation or underestimation of net farm income from the inclusion of asset 
appreciation. To avoid any contemporaneous bias in efficiency measurement that may 
result from using concurrent net farm income as the management input, the panel 
nature of our data set allows us to use net farm income from the previous year.  
However, not all farms participated in the survey each year, so some observations are 
lost in the process.     
  To test the hypothesis that computed inefficiencies are the result of failing to 
include a management input, we first compute technical efficiencies (both output and 
input oriented), allowing variable returns to scale using the two outputs and six inputs 
described above.  Next, we compute the technical efficiencies, replacing the operator 
labor input with operators’ own values of labor and management. All DEA efficiency 
calculations are completed using GAMS/MINOS optimization software.  The resulting 
two sets of computed efficiencies are then compared using a paired two-sample t-test.  
We test the null hypothesis: mean(TE
1
val – TE
1
lab) = 0, where TE
1
val is technical  
 
35
 
 
 
efficiency computed using operators’ value of labor and management and TE
1
lab is 
technical efficiency computed using operator labor.   The superscripts refer to the 
sample number, where 1 signifies that the efficiencies were computed using the full 
sample of observations. The above steps and tests are repeated for both cost and 
revenue efficiency (and their allocative components).   
  This method keeps the same number of inputs and outputs, as well as farm 
observations for each computation of technical, cost, and revenue efficiencies, thus 
avoiding dimensionality bias that affects computed efficiencies calculated by DEA 
when the number of inputs and outputs or observations increases (see Tauer and 
Hanchar 1993). 
  We also test for differences in computed efficiencies when the operator labor 
input is replaced by net farm income from the previous year.  We test the hypothesis, 
mean(TE
2
nfi –  TE
2
lab) = 0, where TE
2
nfi is technical efficiency computed using net 
farm income from the previous year, and superscript 2 refers to the smaller sample 
resulting from using the lagged values of net farm income, because not all farms 
participated in the survey every year.  Again, this sequence is repeated for both cost 
and revenue efficiency and their imputed allocative components. 
  If computed technical inefficiency is the result of not including a management 
input, then we expect that the all the above hypotheses would be rejected in favor of a 
positive average change in computed efficiencies.   
Stochastic Frontier Methods 
  We estimate both output and input distance functions.  Estimation is completed 
using STATA 9.1 software by maximum likelihood.  Given our data set, it is also 
necessary to modify the translog distance function to deal with negative or zero valued 
observations.  Negative “other output” occurs when, because of inventory changes and  
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accounting conventions, summing the (price weighted) outputs results in a loss.  There 
are also several farms that either use no hired labor or have no crop input.  We adopt 
the methodology used by Tsekouras, Pantzios, and Karagiannis (2003) which requires 
that each observation be recorded as  } 1 , max{ ,i k x for inputs and  } 1 , max{ ,i m y for 
outputs.  Dummy variables dk,i  and dm,i are then appended to the production function 
which take the value unity whenever the observations are undefined for the natural log 
operator. We also append a time trend to the production function. 
  The final estimation equation for the output distance function is an adaptation 
of equation [3.5].  We drop the negative sign from y1, which results the signs of the 
parameters being reversed, but more easily interpreted by standard production theory.  
The final estimation equation is then: 
         [ 4 . 1 ]  
where X is a vector of inputs including Operator Labor, Hired Labor, Purchased Feed, 
Livestock, Capital, and Crop Inputs, D is a set of dummy variables for the 
observations with observed zero inputs or negative (accounting) other output, and T is 
a time trend, α  and β  are parameter vectors and ζ  andτ  are parameters to be estimated.  
We choose y1 as milk receipts, which implies that y
* is other output (receipts) 
normalized by milk receipts.  
  Equation [3.9] provides the estimation framework for the input distance 
function. We again drop the negative sign from in front of x1, resulting in an 
estimation equation of the form: 
          [ 4 . 2 ]  
where we now choose x1 to be the livestock input, X
* is the input vector normalized by 
the livestock input, Y is a vector outputs including milk receipts and other receipts and 
D, T, α , β , ζ , and τ , are described above.   
; ) , | , ( ln ,
*
, 1 i i
s
i s s i i i u v T D y X TL y + − + + − = ∑ τ ζ β α
; ) , | , ( ln ,
*
, 1 i i
s
i s s i i i u v T D Y X TL x + − + + − = ∑ τ ζ β α 
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  Estimation of cost and revenue frontiers are based on equations [3.13] and 
[3.15], respectively. For cost efficiency, we choose to normalize all prices by the price 
of the livestock input to impose the homogeneity constraint.  A time trend and a 
dummy variable to account for the observations where no other output is observed are 
appended to the cost function.  The final estimation form for the cost frontier is  
           [ 4 . 3 ]  
  Dummy variables to account for observation where zero hired labor and crop 
inputs and a time trend are appended to the revenue function yielding an estimation 
equation of the form: 
         [ 4 . 4 ]  
where price of milk is used as the normalizing price.  
Model Specifications 
  Clearly, some distributional assumption is required for u. The pioneering work 
of Ainger, Lovell, and Schmidt (1977) assumed a half-normal distribution; 
) , 0 ( ~
2
u N u σ
+ .  Stevenson (1980) and Battese and Coelli (1998) specify the distribution 
of u as a truncated normal, that is a normal distribution with mean µ truncated at zero. 
Later work by Caudill and Ford (1993), Caudill, Ford, and Gropper (1995) and Hadri 
(1999) built upon the half-normal foundation by allowing for heteroscedasticity in 
both v and u.  Specifically, the variance of the efficiency term for the i
th farm is 
parameterized as: 
=
2
,i u σ exp(zi
Tλ )  ;                      [4.5] 
where z is a vector of exogenous variables (and a constant) and λ  is a vector of 
parameters to be estimated.   
  This parameterization of the variance of the inefficiency term allows for the 
calculation of the marginal effect of a change in an element of z on E(u), and hence on 
. ) , | , ( ) ln(
* *
i i i i i u v D Y r TL TC + + + = ς β α
; ) , | , ( ) ln(
* *
i i
s
s i i i u v D X p TL TR − + + = ∑ς β α 
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technical efficiency.  Since the variance of u can vary by observation these marginal 
effects will not be constant across farms.   Wang (2002) shows that the marginal effect 
of a change in an element of z on the expected value of u (and hence technical 
efficiency) is: 
     [4.6] 
 
where φ  and Φ  are the standard normal and cumulative standard normal probability 
density functions, respectively.   
  The half-normal assumption can be relaxed to allow for other truncations, such 
that  . ) , ( ~
2 0      , N u u ≥
+ µ σ µ  Kumbhakar, Ghosh, and McGuckin (1991), Huang and 
Liu (1994), and Battese and Coelli (1995) examine the effects of exogenous 
determinants of efficiency by parameterizing the mean of the pre-truncated 
distribution. In this case, µ, is assumed to follow a linear function of the exogenous 
variables,  = i µ ziδ ; where δ  is a vector of parameters to be estimated.    
  Assuming a constant variance, the marginal effect of a change in an element of 
z on the expected value of u is (Wang 2002): 
      [ 4 . 7 ]        
 
where 
2 / u i σ µ = ∆ . 
  This parameterization provides considerable flexibility.  Huang and Liu (1994) 
show that with firm a specific µ i, the degree of technical efficiency depends on the 
elements of z.  Also, if any of the elements of z are also inputs in the production 
technology, then the output elasticities are biased downward.   
  It is not obvious which parameterization (either the mean or the variance) of u 
is best.  Kumbhakar and Lovell (2000) show that if u is heteroscedastic and it is 
ignored, then the parameters of the production function and the estimates of technical  
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efficiency are biased.  If v is heteroscedastic and not corrected, then the parameters of 
the production function are consistent but the estimates of technical efficiency are 
biased. Wang (2002) suggests that µ, 
2
u σ , and 
2
v σ  should all be parameterized with the 
same set of variables, arguing that there is no theoretical justification for preferring 
one parameterization over the other. 
  For panel data, Battese and Coelli specify the distribution of u as a truncated 
normal with the added restriction that uit = ui for all i and t; that is, the efficiency effect 
is constant over time for all firms in the sample. Battese, Coelli, and Colby (1989) also 
allow for unbalanced panel data with this specification. This time invariant model is 
estimated via maximum likelihood, but yields results that are quite similar to a simpler 
fixed-effects model.  This the approach taken by Schmidt and Stickles (1984), who 
estimate firm effects based on the frontier established by the firm(s) with the largest 
intercept.  Thus, firm efficiency effects are less than or equal to zero.        
Technical Efficiency Variables 
We will again focus on two measures of farmer management ability, operators’ 
values of labor and management, and net farm income from the previous year. 
However, we transform both management variables to a per-cow basis.  This change 
from the DEA measurement is useful, because with the stochastic frontier functions, 
we are no longer considering these variables as inputs, but as possible efficiency 
effects; i.e., explaining deviations from the frontier rather than defining the frontier. 
Both management indicators are then transformed to their natural logarithms prior to 
estimation.   
Next, we include two demographic variables, age and education level. The 
variable Age is the natural log of the average of all operator ages on the farm. The 
expected sign on this term is ambiguous.  While efficiency may increase with  
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experience (for which Age can serve as proxy), it may also be the case that younger 
farmers may have a better understanding of newer production technologies and 
methods (Wang 1002).  The variable Education is the natural logarithm of the average 
number of years of formal schooling of the operators on the farm.  We expect the sign 
of this variable to be negative, indicating higher levels of technical efficiency.   
The variable Milking Frequency takes the value unity for farms that milk three 
times per day, as apposed to the conventional twice-daily milking schedule.  A few 
farms indicate some combination of the two milking schedules and are included in the 
three times per day group.   
   The next three variables included for technical efficiency effects measure the 
length of farms’ participation in the Dairy Farm Business Summary.  This allows us to 
control for (test) whether farms’ participation in the survey affects farm performance.  
Participation in the DFBS is voluntary, and in exchange for their participation farmers 
receive a detailed business analysis of their farms as well as a summary of where they 
stand in relation to their peer farms.  Because farms can enter and exit the survey at 
will, we are forced to deal with an unbalanced panel and it is difficult to determine 
whether a farm is truly new to the survey and it is equally unclear when the effects of 
the survey (if any) will become evident in the production performance.  To deal with 
these challenges, three dummy variables are created to measure the number of years 
that the farm participated in the survey over the twelve-year sample period.  We define 
a dummy variable for participation in the DFBS at least four years in the sample 
period for years 1996 and later.  The year specifications ensure that the farms’ 
participation in the survey is not included until the fourth year in the data set.  The 
variable DFBS participation 7 years indicates farms that participated in the survey for 
at least seven years in the sample period for the years 1999 and later.  DFBS  
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participation 10 years indicates farms that participated for at least ten years in sample 
for years 2002 and later.   
  The variable Cows is the natural logarithm of the annual average number of 
cows in production for each farm.  We include this as a measure of farm size to test 
the effects of farm size on technical efficiency, although it is highly correlated with the 
input variables.  We expect larger farms to be more efficient. However, it is possible 
that the direction of causality runs the other way; that farms are larger because they are 
more efficient. With this in mind, we will test the robustness of the models by 
presenting several different specifications.  The necessary regressions are summarized 
in Table 4.  
  We begin by estimating conditional mean models.  In Model 1, we estimate the 
output distance function using a set of explanatory variables for µ including operator 
value of labor and management per cow, age, education, milking frequency, the 
survey participation variables, and cows.  Model 2 differs from the previous model 
only by the exclusion of cows in the expression for µ.  The next two models are 
presented for comparison.  Model 3 makes use of the unbalanced panel nature of our 
data set, estimating the output distance function using the Battese, Coelli, and Colby 
(1989) time-invariant efficiency specification.  Model 4 is estimated by OLS, which 
reduces equation [4.1] to a two-output, homogeneous (in outputs) translog production 
function.  Models 5 and 6 follow the same parameterizations of Models 1 and 2 with 
operator value of labor and management per cow variable replaced by net farm income 
per cow from the previous year.  
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Table 4: Stochastic Frontier Model Descriptions 
         Model 1  Model 2  Model 3  Model 4  Model 5 
N   3351  3351  3375  3375  2358 
Parameter  µ µ  Time Invariant  OLS  µ 
Operator Value of Labor 
and Management per 
Cow  X  X          
Net Farm Income from 
the Previous Year per 
Cow              X 
Age  X  X        X 
Education  X  X        X 
Milking Frequency  X  X        X 
DFBS Participation at 
least 4 years  X  X        X 
DFBS Participation at 
least 7 years  X  X        X 
DFBS Participation at 
least 10 years  X  X        X 
Cows  X           X 
         Model 6  Model 7  Model 8  Model 9  Model 10 
N   2358 
 
3351 3351 
 
2358 
 
2358 
Parameter  µ   σ
2
u  σ
2
v  σ
2
u 
 
σ
2
v  σ
2
v   σ
2
v  σ
2
u  σ
2
v 
Operator Value of Labor 
and Management per 
Cow     X  X  X  X            
Net Farm Income from 
the Previous Year per 
Cow  X             X  X  X  X 
Age  X  X  X X  X  X X X  X 
Education  X  X  X X  X  X X X  X 
Milking  Frequency  X  X  X X  X  X X X  X 
DFBS Participation at 
least  4  years  X  X  X X  X  X X X  X 
DFBS Participation at 
least 7 years  X  X  X X  X  X X X  X 
DFBS Participation at 
least 10 years  X  X  X X  X  X X X  X 
Cows  X  X  X        X  X        
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Next, Models 7 and 8 are estimated with parameterized variances of v and u 
using the same efficiency variables as Models 1 and 2.  Models 9 and 10 repeat the 
analysis with net farm income per cow from the previous year in place of operators’ 
values of labor and management per cow.  
All models save Model 3, simply pool the data and incorporate no panel 
methods.  As stated above, the time-invariant specification in Model 3 is akin to a 
fixed-effects model, and thus incorporates information contained in the longitudinal 
characteristics of the data set.  
Interpretation 
  A few words are required regarding the interpretation of the δ  and 
λ  parameters.  First, given that either in any specification, we parameterize the mean 
or the variance of u, the marginal effect of any given exogenous efficiency variable 
will have the same sign as its corresponding parameter.   For the output distance 
functions, estimated technical efficiency is calculated as  ]. | ) [exp( i i e u E −  This implies 
that if δ k < 0 (or λ k < 0), then an increase in zk results in a decrease in ] [u E , and an 
increase in technical efficiency.  It follows that if  Y X zk ∪ ∉ , then for the conditional 
mean models: 
             [ 4 . 8 ]  
 
the percentage change in output (holding all inputs and output composition constant) 
resulting from an incremental change in zk. Similarly, for the heteroscedasticity 
models, 
 
           [ 4 . 9 ]  
 
;
) (
) (
) (
) (
1
] [ ln
2
, 1 ,








 


 


∆ Φ
∆
−
∆ Φ
∆
∆ − − =
∂
∂
− =
∂
∂
=
∂
∂
−
φ φ
δ k
k
i
k
i
k
i O
z
u E
z
y
z
D
. ) 0 (
] [ ln , 1 , φ σ λ i k
k
i
k
i
k
i O
z
u E
z
y
z
D
− =
∂
∂
− =
∂
∂
=
∂
∂
− 
 
44
 
 
 
  The input distance functions require a slightly different estimation framework.  
While the output distance functions sought the largest possible radial expansion of 
outputs, the input distance function defines the largest possible radial contraction of 
inputs given outputs.  Thus, this different perspective requires a slight change to the 
log likelihood function, where the composite error term enters the function with a 
negative sign.   This makes the estimation of the input distance function the same as a 
cost function. Technical efficiency is measured as ]. | ) [exp( i i e u E , with u > 0. This 
implies that we can interpret the coefficients on the input distance functions in the 
same manner as the coefficients for the output distance function.  As E[u] decreases, 
technical efficiency increases.  Thus for the conditional mean models, if  Y X zk ∪ ∉ , 
 
          [ 4 . 1 0 ]  
  
and for the heteroscedastic models,    
 
          [ 4 . 1 1 ]  
 
The last two equations give the change in efficiency as the percentage 
reduction in x1 (and hence all other inputs since input composition is held fixed) from 
an incremental increase in zk.  
;
) (
) (
) (
) (
1
] [ ln
2
, 1 ,








 


 


∆ Φ
∆
−
∆ Φ
∆
∆ − =
∂
∂
=
∂
∂
=
∂
∂
−
φ φ
δ k
k
i
k
i
k
i I
z
u E
z
x
z
D
. ) 0 (
] [ ln , 1 , φ σ λ i k
k
i
k
i
k
i I
z
u E
z
x
z
D
=
∂
∂
=
∂
∂
=
∂
∂
− 
 
45
 
 
 
CHAPTER 6 
DEA RESULTS 
Technical Efficiency Results 
The average computed technical efficiency scores for each year and input set, 
as well as orientation are presented in Tables A.3 – A.6. For sample one, average 
input-oriented computed technical efficiency using operator labor is 0.9355, with the 
lowest annual average computed technical efficiency of 0.9203 in 1999 and the 
highest annual average of 0.9492 occurring in 2004.  Output oriented computed 
technical efficiency using operator labor averages 0.9129.  The lowest, annual average 
0.8925, occurs in 1998 while the highest, annual average 0.9354 occurs in 2004. 
  When operators’ values of labor and management are used in place of operator 
labor, computed input-oriented technical efficiency averages 0.9228.  The lowest, 
annual average of 0.9077, occurs in 1998 and the highest annual average, 0.9475, 
occurs in 2004. Output-oriented computed technical efficiency averages 0.9168, with 
the lowest annual average, 0.9019 occurring in 1998 and the highest annual average, 
0.9416, in 2004.     
  For sample two, which contains only those farms that participated in the survey 
for at least two consecutive years, computed technical efficiency averages 0.9395 
using an input orientation and operator labor in the input set. The lowest average 
computed technical efficiency is 0.9203 and occurs in 1999. The highest average 
computed technical efficiency is 0.9492 in 2004.  Using an output orientation, the 
computed technical efficiency using operator labor averages 0.9259.  The lowest is 
0.9097 in 1995 and the highest is 0.9406 in 2004 
When net farm income from the previous year is used in place of operator 
labor, computed input-oriented technical efficiency averages 0.9457 over the 11 years 
in the small sample. The smallest average computed technical efficiency of 0.9285  
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occurs in 1995, while the largest is 0.9606 and occurs in 2004.  Output-oriented 
technical efficiency using net farm income from the previous year averages 0.9442, 
with the smallest average computed technical efficiency of 0.9251 in 1995 and the 
largest of 0.9586 in 2004.  
The paired-sample t-test results are presented in Tables 5 and 6. The average 
change in technical efficiency depends on whether an input or output orientation is 
used.  Using an input orientation the average change in computed technical efficiency 
is negative in eight of twelve years, statistically significantly less than zero in three, 
and statistically significantly greater than zero in two. The absolute magnitudes of 
these changes are quite small.  The smallest is -0.006 and the largest is 0.006.  Using 
an output orientation, the average change in computed technical efficiency is positive 
in ten of twelve years, and statistically significant in six.  The smallest change is -
0.0036 in 2001.  The largest is 0.0114 in 1999. 
. 
 
 
T
a
b
l
e
 
5
:
 
R
e
s
u
l
t
s
 
f
r
o
m
 
S
a
m
p
l
e
 
1
 
t
-
t
e
s
t
s
.
 
(
t
-
s
t
a
t
i
s
t
i
c
s
 
i
n
 
p
a
r
e
n
t
h
e
s
e
s
)
;
 
*
,
 
*
*
 
s
i
g
n
i
f
y
 
9
0
 
a
n
d
 
9
5
 
p
e
r
c
e
n
t
 
s
i
g
n
i
f
i
c
a
n
c
e
.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A
v
e
r
a
g
e
 
C
h
a
n
g
e
 
i
n
 
E
f
f
e
c
i
e
n
c
y
 
f
r
o
m
 
t
h
e
 
I
n
c
l
u
s
i
o
n
 
o
f
 
O
p
e
r
a
t
o
r
 
V
a
l
u
e
 
o
f
 
L
a
b
o
r
 
a
n
d
 
M
a
n
a
g
e
m
e
n
t
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
e
a
r
 
O
u
t
p
u
t
 
O
r
i
e
n
t
e
d
 
T
e
c
h
n
i
c
a
l
 
E
f
f
i
c
i
e
n
c
y
 
 
 
I
n
p
u
t
 
O
r
i
e
n
t
e
d
 
T
e
c
h
n
i
c
a
l
 
E
f
f
i
c
i
e
n
c
y
 
 
 
C
o
s
t
 
E
f
f
e
c
i
e
n
c
y
 
 
 
A
l
l
o
c
a
t
i
v
e
 
(
C
o
s
t
)
 
E
f
f
i
c
i
e
n
c
y
 
 
 
R
e
v
e
n
u
e
 
E
f
f
i
c
i
e
n
c
y
 
 
 
A
l
l
o
c
a
t
i
v
e
 
(
R
e
v
e
n
u
e
)
 
E
f
f
i
c
i
e
n
c
y
 
 
1
9
9
3
 
0
.
0
0
1
1
 
 
 
-
0
.
0
0
4
8
 
*
*
 
0
.
0
0
8
3
 
*
*
 
0
.
0
1
3
8
 
*
*
 
0
.
0
0
0
7
 
 
 
-
0
.
0
0
0
5
 
 
 
 
(
0
.
5
5
0
6
)
 
 
-
(
2
.
7
6
7
7
)
 
 
(
5
.
0
0
5
1
)
 
 
(
7
.
1
2
5
9
)
 
 
(
0
.
3
0
4
9
)
 
 
-
(
0
.
4
0
6
8
)
 
 
1
9
9
4
 
0
.
0
0
2
5
 
 
-
0
.
0
0
4
0
 
 
-
0
.
0
0
9
2
 
*
*
 
-
0
.
0
0
5
8
 
*
*
 
0
.
0
0
6
8
 
*
*
 
0
.
0
0
4
8
 
*
*
 
 
(
0
.
9
2
1
9
)
 
 
-
(
1
.
7
3
7
6
)
 
*
 
-
(
5
.
6
2
0
6
)
 
 
-
(
2
.
8
0
1
6
)
 
 
(
2
.
3
5
1
2
)
 
 
(
3
.
9
3
3
3
)
 
 
1
9
9
5
 
0
.
0
0
5
0
 
 
-
0
.
0
0
3
1
 
 
0
.
0
2
0
1
 
*
*
 
0
.
0
2
5
1
 
*
*
 
0
.
0
0
7
7
 
*
*
 
0
.
0
0
3
3
 
*
*
 
 
(
1
.
8
1
1
1
)
 
*
 
-
(
1
.
1
9
7
2
)
 
 
(
1
0
.
6
9
6
9
)
 
 
(
9
.
7
2
3
5
)
 
 
(
2
.
3
4
5
4
)
 
 
(
2
.
3
6
9
9
)
 
 
1
9
9
6
 
0
.
0
0
2
0
 
 
-
0
.
0
0
1
7
 
 
0
.
0
1
5
2
 
*
*
 
0
.
0
1
8
6
 
*
*
 
0
.
0
0
3
9
 
 
0
.
0
0
2
3
 
*
 
 
(
0
.
8
7
8
2
)
 
 
-
(
0
.
7
8
8
7
)
 
 
(
9
.
2
1
9
1
)
 
 
(
9
.
0
5
4
9
)
 
 
(
1
.
5
5
4
4
)
 
 
(
1
.
9
3
)
 
 
1
9
9
7
 
0
.
0
0
8
3
 
*
*
 
0
.
0
0
3
7
 
 
0
.
0
0
6
8
 
*
*
 
0
.
0
0
1
5
 
 
0
.
0
0
9
0
 
*
*
 
0
.
0
0
1
2
 
 
 
(
3
.
7
0
9
4
)
 
 
(
1
.
6
9
1
9
)
 
*
 
(
3
.
6
8
5
2
)
 
 
(
0
.
4
3
4
8
)
 
 
(
3
.
4
7
9
4
)
 
 
(
0
.
6
7
8
5
)
 
 
1
9
9
8
 
0
.
0
0
9
4
 
*
*
 
0
.
0
0
1
7
 
 
0
.
0
1
4
7
 
*
*
 
0
.
0
1
5
2
 
*
*
 
0
.
0
1
1
5
 
*
*
 
0
.
0
0
3
0
 
*
*
 
 
(
4
.
2
5
8
2
)
 
 
(
0
.
7
7
4
6
)
 
 
(
7
.
9
5
2
9
)
 
 
(
6
.
2
0
4
2
)
 
 
(
4
.
4
8
2
2
)
 
 
(
3
.
1
1
0
6
)
 
 
1
9
9
9
 
0
.
0
1
1
4
 
*
*
 
0
.
0
0
5
2
 
*
*
 
0
.
0
2
7
5
 
*
*
 
0
.
0
2
5
4
 
*
*
 
0
.
0
1
3
3
 
*
*
 
0
.
0
0
2
5
 
*
*
 
 
(
5
.
5
2
0
3
)
 
 
(
2
.
2
7
8
)
 
 
(
1
2
.
2
9
9
5
)
 
 
(
9
.
2
9
9
6
)
 
 
(
6
.
2
7
6
8
)
 
 
(
2
.
2
5
8
2
)
 
 
2
0
0
0
 
0
.
0
0
0
1
 
 
-
0
.
0
0
3
6
 
 
-
0
.
0
0
0
4
 
 
0
.
0
0
3
4
 
 
-
0
.
0
0
0
6
 
 
-
0
.
0
0
0
6
 
 
 
(
0
.
0
4
7
2
)
 
 
-
(
1
.
5
9
4
9
)
 
 
-
(
0
.
2
1
1
7
)
 
 
(
1
.
5
7
0
5
)
 
 
-
(
0
.
1
9
9
9
)
 
 
-
(
0
.
4
1
4
8
)
 
 
2
0
0
1
 
-
0
.
0
0
3
6
 
 
-
0
.
0
0
6
8
 
*
*
 
-
0
.
0
0
8
2
 
*
*
 
-
0
.
0
0
1
6
 
 
-
0
.
0
0
6
5
 
*
*
 
-
0
.
0
0
3
3
 
*
*
 
 
-
(
1
.
1
6
9
7
)
 
 
-
(
2
.
3
2
0
5
)
 
 
-
(
4
.
3
3
5
4
)
 
 
-
(
0
.
6
1
7
6
)
 
 
-
(
1
.
9
7
2
4
)
 
 
-
(
2
.
4
8
6
1
)
 
 
2
0
0
2
 
-
0
.
0
0
0
1
 
 
-
0
.
0
0
2
3
 
 
-
0
.
0
0
7
1
 
*
*
 
-
0
.
0
0
5
6
 
*
*
 
-
0
.
0
0
1
1
 
 
-
0
.
0
0
1
0
 
 
 
-
(
0
.
0
3
5
2
)
 
 
-
(
0
.
9
5
1
)
 
 
-
(
3
.
6
4
0
9
)
 
 
-
(
2
.
2
1
6
7
)
 
 
-
(
0
.
4
5
1
9
)
 
 
-
(
0
.
8
3
6
)
 
 
2
0
0
3
 
0
.
0
0
4
4
 
 
-
0
.
0
0
0
8
 
 
-
0
.
0
0
8
2
 
*
*
 
-
0
.
0
0
7
4
 
*
*
 
0
.
0
0
5
0
 
*
 
0
.
0
0
1
3
 
 
 
(
1
.
7
3
2
3
)
 
*
 
-
(
0
.
3
0
3
1
)
 
 
-
(
3
.
6
3
4
5
)
 
 
-
(
2
.
3
8
0
6
)
 
 
(
1
.
7
9
1
1
)
 
 
(
0
.
9
6
7
8
)
 
 
2
0
0
4
 
0
.
0
0
6
2
 
*
*
 
0
.
0
0
6
2
 
*
*
 
-
0
.
0
0
5
1
 
*
*
 
-
0
.
0
1
1
1
 
*
*
 
0
.
0
0
8
4
 
*
*
 
0
.
0
0
2
4
 
*
*
 
 
 
(
3
.
0
3
2
2
)
 
 
 
(
2
.
8
5
0
1
)
 
 
 
-
(
3
.
1
5
3
8
)
 
 
 
-
(
5
.
0
0
6
3
)
 
 
 
(
3
.
3
3
6
6
)
 
 
 
(
2
.
0
2
9
3
)
 
 
  
 
 
 
 
 
T
a
b
l
e
 
6
:
 
 
R
e
s
u
l
t
s
 
f
r
o
m
 
S
a
m
p
l
e
 
2
 
t
-
t
e
s
t
s
.
 
(
t
-
s
t
a
t
i
s
t
i
c
s
 
i
n
 
p
a
r
e
n
t
h
e
s
e
s
)
;
 
*
,
 
*
*
 
s
i
g
n
i
f
y
 
9
0
 
a
n
d
 
9
5
 
p
e
r
c
e
n
t
 
s
i
g
n
i
f
i
c
a
n
c
e
.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A
v
e
r
a
g
e
 
C
h
a
n
g
e
 
i
n
 
E
f
f
e
c
i
e
n
c
y
 
f
r
o
m
 
t
h
e
 
I
n
c
l
u
s
i
o
n
 
o
f
 
N
e
t
 
F
a
r
m
 
I
n
c
o
m
e
 
f
r
o
m
 
t
h
e
 
P
r
e
v
i
o
u
s
 
Y
e
a
r
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
e
a
r
 
O
u
t
p
u
t
 
O
r
i
e
n
t
e
d
 
T
e
c
h
n
i
c
a
l
 
E
f
f
i
c
i
e
n
c
y
 
 
 
I
n
p
u
t
 
O
r
i
e
n
t
e
d
 
T
e
c
h
n
i
c
a
l
 
E
f
f
i
c
i
e
n
c
y
 
 
 
C
o
s
t
 
E
f
f
e
c
i
e
n
c
y
 
 
 
A
l
l
o
c
a
t
i
v
e
 
(
C
o
s
t
)
 
E
f
f
i
c
i
e
n
c
y
 
 
 
R
e
v
e
n
u
e
 
E
f
f
i
c
i
e
n
c
y
 
 
 
A
l
l
o
c
a
t
i
v
e
 
(
R
e
v
e
n
u
e
)
 
E
f
f
i
c
i
e
n
c
y
 
 
 
1
9
9
4
 
0
.
0
1
5
2
 
*
*
 
0
.
0
0
4
7
 
0
.
0
1
2
7
*
*
0
.
0
0
9
0
*
*
0
.
0
1
9
2
*
*
 
0
.
0
0
4
5
*
*
 
 
(
3
.
8
0
0
3
)
 
 
(
1
.
3
0
8
9
)
 
(
3
.
0
0
6
5
)
 
(
2
.
4
0
0
5
)
 
(
4
.
2
1
9
8
)
 
(
2
.
7
7
7
5
)
 
1
9
9
5
 
0
.
0
1
5
4
 
*
*
 
0
.
0
0
4
2
 
0
.
0
3
1
6
*
*
0
.
0
3
0
5
*
*
0
.
0
1
7
4
*
*
 
0
.
0
0
3
1
*
 
 
(
3
.
4
5
6
2
)
 
 
(
1
.
0
1
3
9
)
 
(
7
.
5
8
3
2
)
 
(
7
.
2
2
9
3
)
 
(
3
.
6
9
1
7
)
 
(
1
.
7
6
4
7
)
 
1
9
9
6
 
0
.
0
2
6
8
 
*
*
 
0
.
0
1
5
6
*
*
0
.
0
2
3
1
*
*
0
.
0
1
0
1
*
*
0
.
0
2
7
1
*
*
 
0
.
0
0
1
7
 
 
(
6
.
4
3
6
1
)
 
 
(
4
.
0
1
5
5
)
 
(
5
.
4
4
9
3
)
 
(
2
.
5
4
8
0
)
 
(
5
.
7
7
2
9
)
 
(
0
.
9
2
9
5
)
 
1
9
9
7
 
0
.
0
2
4
0
 
*
*
 
0
.
0
1
4
9
*
*
0
.
0
1
5
6
*
*
0
.
0
0
2
1
 
0
.
0
1
5
7
*
*
 
-
0
.
0
0
8
0
*
*
 
 
(
5
.
7
6
8
6
)
 
 
(
3
.
9
0
0
5
)
 
(
3
.
3
7
1
0
)
 
(
0
.
5
0
9
6
)
 
(
3
.
5
1
4
6
)
 
-
(
3
.
3
9
0
8
)
 
1
9
9
8
 
0
.
0
2
1
1
 
*
*
 
0
.
0
1
0
2
*
*
0
.
0
4
8
1
*
*
0
.
0
4
1
6
*
*
0
.
0
2
1
2
*
*
 
0
.
0
0
1
1
 
 
(
5
.
4
8
4
8
)
 
 
(
2
.
7
7
8
6
)
 
(
1
2
.
4
6
0
9
)
 
(
1
0
.
5
8
4
9
)
 
(
5
.
1
9
5
6
)
 
(
0
.
5
2
3
7
)
 
1
9
9
9
 
0
.
0
3
1
7
 
*
*
 
0
.
0
2
3
0
*
*
0
.
0
5
8
4
*
*
0
.
0
4
1
7
*
*
0
.
0
3
7
4
*
*
 
0
.
0
0
7
0
*
*
 
 
(
7
.
8
7
2
7
)
 
 
(
5
.
6
3
7
1
)
 
(
1
2
.
1
1
2
2
)
 
(
9
.
0
3
6
9
)
 
(
9
.
0
3
3
7
)
 
(
3
.
9
0
8
7
)
 
2
0
0
0
 
0
.
0
1
7
6
 
*
*
 
0
.
0
1
1
6
*
*
0
.
0
4
6
8
*
*
0
.
0
3
9
1
*
*
0
.
0
2
0
9
*
*
 
0
.
0
0
4
5
*
*
 
 
(
5
.
0
4
2
3
)
 
 
(
3
.
1
6
4
7
)
 
(
1
0
.
4
2
8
5
)
 
(
9
.
8
7
4
5
)
 
(
4
.
8
4
6
3
)
 
(
2
.
3
9
6
3
)
 
2
0
0
1
 
0
.
0
0
5
6
 
 
0
.
0
0
1
8
 
-
0
.
0
1
4
4
*
*
-
0
.
0
1
6
2
*
*
0
.
0
0
7
7
*
 
0
.
0
0
2
2
 
 
(
1
.
5
0
8
7
)
 
 
(
0
.
5
3
5
6
)
 
-
(
2
.
8
2
4
8
)
 
-
(
3
.
3
8
2
0
)
 
(
1
.
8
8
9
6
)
 
(
1
.
2
6
4
4
)
 
2
0
0
2
 
0
.
0
0
7
5
 
 
0
.
0
0
2
8
 
-
0
.
0
4
4
7
*
*
-
0
.
0
5
0
0
*
*
0
.
0
0
3
1
 
-
0
.
0
0
4
9
*
*
 
 
(
1
.
8
8
4
7
)
 
 
(
0
.
7
4
0
9
)
 
-
(
7
.
3
9
6
4
)
 
-
(
8
.
7
7
5
0
)
 
(
0
.
6
9
2
3
)
 
-
(
2
.
3
2
5
3
)
 
2
0
0
3
 
0
.
0
1
9
1
 
*
*
 
0
.
0
1
2
6
*
*
-
0
.
0
3
9
4
*
*
-
0
.
0
5
2
3
*
*
0
.
0
2
2
9
*
*
 
0
.
0
0
4
8
 
 
(
3
.
8
6
5
9
)
 
 
(
2
.
7
2
8
8
)
 
-
(
7
.
0
8
8
9
)
 
-
(
9
.
6
2
9
1
)
 
(
3
.
6
0
1
9
)
 
(
1
.
7
2
6
1
)
 
2
0
0
4
 
0
.
0
1
7
9
 
*
*
 
0
.
0
1
1
4
*
*
-
0
.
0
0
7
6
 
-
0
.
0
1
9
1
*
*
0
.
0
2
3
9
*
*
 
0
.
0
0
6
6
*
*
 
 
 
(
4
.
0
8
5
9
)
 
 
 
(
2
.
7
1
0
1
)
 
 
-
(
1
.
4
4
3
2
)
 
 
-
(
4
.
1
6
3
3
)
 
 
(
4
.
8
5
5
0
)
 
 
(
3
.
1
5
7
6
)
 
  
  49
 
 
A similar dependency on orientation is also evident in the average changes in 
technical efficiency from including net farm income from the previous year in place of 
operator labor, although not as pronounced.  The average change in technical 
efficiency from including net farm income from the previous year is positive in all 
eleven years and statistically significant in eight years using an input oriented 
measure. They range from 0.0018 to 0.0230.  Using an output-oriented measure, the 
average change in computed technical efficiency is also positive in all eleven years.  
They are statistically significant in ten years, ranging from 0.0056 to 0.0317.  
Cost Efficiency Results 
  Computed average cost efficiencies and imputed allocative efficiencies are 
presented in Tables A.7 – A.10. Using operator labor in the input set, average cost 
efficiency over the twelve years in the sample is 0.7922, ranging from 0.7572 in 1999 
to 0.8377 in 2004. When operators’ values of labor and management are included in 
the input set in place of operator labor, average cost efficiency is 0.7968, ranging from 
0.7582 in 2001 to 0.8326 in 2004.  The imputed average allocative efficiency using 
operator labor is 0.8583, ranging from 0.8266 in 1999 to 0.8905 in 2004.  Using 
operators’ values of labor and management, the average imputed allocative efficiency 
is 0.8643, ranging from 0.8337 in 2001 to 0.8833 in 1997.   
  For sample two, average computed cost efficiency allowing variable returns to 
scale, is 0.8088 over the 11 years of the sample, ranging from 0.7684 in 1999 to 
0.8438 in 2001.  Using net farm income from the previous year, average computed 
cost efficiency is 0.8226, ranging from 0.7963 in 2001 to 0.8375 in 1994.  The average 
imputed allocative efficiency is 0.8583, ranging from 0.8266 in 1999 to 0.8905 in 
2004.  
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  Results from the t-tests are presented in Tables 5 and 6. There is considerable 
variability across years as to the effects of including both management input variables. 
The average change in computed cost efficiency from the inclusion of operators’ 
values of labor and management is 0.0045.  The average changes are negative in six 
years and positive in six years, and statistically significant in eleven years, ranging 
from -0.0092 in 1994 to 0.0275 in 1999.  The average change in imputed allocative 
efficiency is 0.0060, ranging from -0.0111 in 2004 to 0.0254 in 1999. 
  Using net farm income from the previous year in place of operator labor, the 
average change in computed cost efficiency is 0.0118. Under this formulation, the 
average changes in computed cost efficiencies are positive for the first seven years in 
the sample and negative for the last four, and statistically significant in ten of the 
eleven years. The changes range from -0.0447 in 2002 to 0.0584 in 1999.  The average 
changes in imputed allocative efficiencies is 0.0033, ranging from -0.0523 in 0.0417 
in 1999. 
Revenue Efficiency Results 
  Computed average revenue efficiencies and allocative efficiencies are 
presented in Tables A.11 – A.14.  Average revenue efficiency over the twelve years in 
the sample using operator labor in the input set was 0.8862, ranging from 0.8659 in 
1998 to 0.9145 in 2004.  When operators’ values labor and management are used in 
place of operator labor, computed revenue efficiency averages 0.8910, ranging from 
0.8751 in 2001 to 0.9228 in 2004.  Average imputed allocative efficiency averages 
0.9696 using operator labor in the input set, ranging from 0.9600 in 2000 to 0.9782 in 
2003.  Replacing operator labor with operators’ values of labor and management, 
average imputed allocative efficiency is 0.9709, ranging from 0.9594 in 2000 to 
0.9796 in 2003.    
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  Computed average revenue efficiency using operator labor for sample two is 
0.9005, ranging from 0.8810 in 1995 to 0.9201 in 2004.  Average imputed allocative 
efficiency using sample two with operator labor in the input set is 0.9715, ranging 
from 0.9647 in 2000 to 0.9781 in 2003.  When net farm income from the previous year 
is used in place of operator labor in the input set, average computed revenue efficiency 
is 0.9202, ranging from 0.8984 in 1995 to 0.9440 in 2004.  Average imputed allocative 
efficiency is 0.9736, ranging from 0.9601 in 1997 to 0.9840 in 2004.   
  The relatively high average imputed allocative efficiency in both samples is 
likely due to the structure of the dairy business.  Milk is obviously the primary output 
for the farms in our sample.  Other outputs include livestock sales, government 
receipts, crop sales, and custom machine work, which together account for a small 
proportion of total revenue, implying little variation in output mixes across farms. 
  The results from the t-tests for revenue efficiency are shown in Tables 5 and 6.  
The average change in computed revenue efficiency from using operators’ values of 
labor and management in place of operator labor alone is 0.0052, ranging from -
0.0065 to 0.0133.  The results are statistically significantly different from zero in eight 
of twelve years.  The average change in allocative (revenue) efficiency is 0.0014, 
ranging from -0.0033 to 0.0047.  The changes in allocative efficiency are statistically 
significant in six of the twelve years.   
  The average change in computed revenue efficiency from using net farm 
income from the previous year in place of operator labor alone is 0.0197, ranging from 
0.0031 to 0.0374.  These results are statistically significant in ten of eleven years.  The 
corresponding average change in imputed allocative efficiency is 0.0021, ranging from    
-0.0080 to 0.0070.  These results are statistically significant in eight of eleven years.    
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Discussion 
   Figures 5 –8 summarize the changes in computed efficiencies from each of the 
two management input proxies.  In figure 5 and figure 6, we see that change in 
economic efficiency (cost efficiency and revenue efficiency, respectively) from the 
inclusion of net farm income from the previous year in place of operator labor is, on 
average, due mostly to changes in computed technical efficiency.  This implies that 
when the previous year’s net farm income is used as a measure of the management 
input, it reflects farmers’ abilities in technology choice more than it does the allocative 
process.  
 
Figure 5:  Average Changes in Input-Oriented Efficiencies from the Inclusion of 
Net Farm Income from the Previous Year 
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Figure 6.  Average Changes in Output-Oriented Efficiencies from the Inclusion of 
Net Farm Income from the Previous Year 
The effects of using operators’ values of labor and management are less clear. 
While Figure 7 shows that its inclusion implies that the change in revenue efficiency is 
mostly due to changes in average computed technical efficiency, the relationship does 
not hold when the orientation is changed.  Figure 8 shows that the average change in 
imputed allocative efficiency from the inclusion of operator labor and management in 
the input set is larger than the average change in cost efficiency, because the average 
change in technical efficiency, using an input orientation, is negative.  Nevertheless, 
the absolute magnitudes of the changes in average computed efficiencies using 
operators’ values of labor and management are quite small, indicating that little is 
gained by measuring the management input this way. 
  The inclusion of operators’ values of labor and management do not provide 
conclusive evidence for our hypothesis that computed technical inefficiency is due to 
the exclusion of a management input.  At best, these individual estimates of the 
management input serve as a limited proxy for the true value of management, little or  
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no better than using operator labor alone.   It is possible that farmers underestimate or 
overestimate their own management value. If theses errors in estimation are severe, 
then the computed technical efficiencies may suffer from measurement error bias. 
Thus, given the limitations of a deterministic analysis such this one, a more exact 
measure of the management input may be necessary.  
   The results from using net farm income from the previous year are stronger. 
This measure of the management input is more objective, in that it only assumes that 
better managers are more profitable than are lower quality managers and does not rely 
on individual estimates of management value, but only individual estimates of asset 
appreciation. 
 
 
 
 
 
 
Figure 7.  Average Changes in Input-Oriented Efficiencies from the Inclusion of 
Operator Value of Labor and Management  
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Figure 8.  Average Changes in Output-Oriented Efficiencies from the Inclusion of 
Operator Value of Labor and Management  
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CHAPTER 7 
STOCHASTIC FRONTIER RESULTS  
Output Distance Function Results 
The estimation results for Models 1-6 are presented in Tables A.15-A.20.  
Histograms of the estimated technical efficiencies calculated from Models 1-3 and 5-6 
are shown in Figure 9. We first focus on the results for Models 1 and 2.  Many of the 
production frontier parameters are statistically significant in both models.  In Model 1, 
all of the technical efficiency variables are significant except Milking Frequency and 
Survey 10 Years. The Model 1 results indicate that efficiency increases with 
management ability as measured by operators’ own values of labor and management 
per cow.  Model 1 also indicates that efficiency decreases with age and increases with 
education, and participation in the DFBS for at least four years and seven years.  
Likewise, the negative sign on the coefficient for Cows indicates increasing efficiency 
with farm size. The estimate of  ), /(
2 2 2
v u u σ σ σ γ + =  which measures the extent to 
which technical inefficiency influences deviations from the production frontier, is 
statistically different from both zero and unity; indicating a significant presence of 
both u and v. However, these results are not robust to changes in model specification.  
In Model 2, when Cows is excluded from the parameterization of µ, none of the 
efficiency variables is statistically significant. The estimate ofγ  = 0.9117 is 
statistically significantly different form both zero and unity indicating a strong 
presence of technical inefficiency.  This is mostly due, however to the estimates of the 
variance parameters.  The estimate of 
2
u σ of 0.0893 is several times larger than the 
estimate of
2
v σ , although it is only significantly different from zero at 90-percent 
confidence. 
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Figure 9.  Estimated Technical Efficiencies. Output Distance Functions Models 1 – 
3, 5 and 6. 
Summary statistics for the estimated technical efficiencies from Models 1 – 6 
are shown in Table 7. Models 1 and 2 also show differences in computed technical 
efficiencies.  The average estimated technical efficiency under the Model 1 
specification is 0.7679, which is much lower than the average estimate of technical 
efficiency in Model 2 of 0.9217.  This shows that the presence of the Cows variable in 
the efficiency term tends to have a large impact on the production frontier,  
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contributing to a larger downward shift in the production frontier for the farms in the 
sample than in Model 2.   
Table 7: Summary Statistics for Estimated Technical Efficiencies, Output Distance 
Function Models 1 – 6 
   Model 1  Model 2  Model 3  Model 5  Model 6 
Mean 0.7679 0.9217 0.8651 0.7981  0.8064
Std. Dev.  0.1438 0.0565 0.0778 0.1370  0.0524
Min 0.3239 0.4919 0.4692 0.3975  0.6185
Max 0.9898 0.9839 0.9955 0.9920  0.9149
N 3351 3351 3375 2358  2358
 
  When net farm income per cow from the previous year is used in place of 
operators’ values of labor and management per cow in Models 5 and 6, we see a 
similar effect of the inclusion of Cows in the efficiency term.  First, management 
ability when measured using the net farm income variable has a positive effect on 
farm efficiency.  This result is robust to specification, and is statistically significant in 
both Models 5 and 6.  As in the previous models, efficiency tends to increase with 
education and decrease with operator age.  The survey variables all have the expected 
negative sign, indicating increasing efficiency with extended participation in the 
DFBS. However, only participation for at least 10 years is statistically significant in 
Model 5, while participation for at least four years and participation for at least 10 
years are significant in Model 6.   
  The estimate of average technical efficiency for Model 5 is 0.7981, which is 
quite close to the average efficiency estimate in Model 1.  In contrast to Model 2, 
despite the significance of some of the individual efficiency variables, the estimate of  
  59
 
 
γ  = 0.0577 is not statistically significantly different from zero, indicating that there is 
no significant presence of technical inefficiency in the model even though several of 
the individual coefficients are significant.  As shown in the Figure 9, the histograms 
for technical efficiency for Models 1 and 5 look very similar.  For Model 2, we see 
that the high average technical efficiency is evident in the skewness of the histogram 
toward one.   
The results show that some of estimated production frontier coefficients are not 
robust to model specification for models 1- 6. Figure 10 shows that most of the 
variation in coefficient models across models occurs with the first order input terms, 
especially operator labor and capital inputs, resulting in differences in estimated 
production elasticities.  There is, on the other hand, very little variation in the higher 
order coefficients across models.  The production elasticities were calculated via 
equation [3.10], with the higher order terms evaluated at the sample means of the data. 
Figure 11 shows that all of the production elasticities calculated from models 1 and 5 
lie below those calculated from the models in which Cows is not included in the 
efficiency term.  Although Cows does not appear directly in the production function, it 
is highly correlated with several of the inputs.  Thus, our production elasticities for the 
Models 1 and 5 are biased downward, because they do not include the increase in 
output as an effect of getting a little bigger with an expansion of the other inputs.   
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Variable 
Number  Variable Name 
Variable 
Number  Variable Name 
1  Operator Labor  19 (Purchased Feed)*(Livestock) 
2  Hired Labor  20 (Purchased Feed)*(Capital) 
3  Purchased Feed  21 (Purchased Feed)*(Crops) 
4 Livestock  22 (Livestock)
2 
5 Capital  23 (Livestock)*(Capital) 
6 Crops  24 (Livestock)*(Crops) 
7 (Operator  Labor)
2 25 (Capital)
2 
8  (Operator Labor)*(Hired Labor)  26 (Capital)*(Crops) 
9 
(Operator Labor)*(Purchased 
Feed) 27 (Crops)
2 
10 (Operator  Labor)*(Livestock)  28
Other Output  (Normalized by 
Milk Output) 
11 (Operator  Labor)*(Capital)  29 (Other  Output)
2 
12 (Operator  Labor)*(Crops)  30
(Other Output)*(Operator 
Labor) 
13 (Hired  Labor)
2 31 (Other  Output)*(Hired  Labor) 
14  (Hired Labor)*(Purchased Feed)  32
(Other Output)*(Purchased 
Feed) 
15 (Hired  Labor)*(Livestock)  33 (Other  Output)*(Livestock) 
16 (Hired  Labor)*(Capital)  34 (Other  Output)*(Capital) 
17 (Hired  Labor)*(Crops)  35 (Other  Output)*(Crops) 
18 (Purchased  Feed)
2    
Figure 10. Production Function Coefficients Models 1-6 
 
First order input 
level coefficients  
  61
 
 
By summing the individual production elasticities, we arrive at an estimate of 
the returns to scale (RTS) at the means of the data. Given the lower production 
elasticities in Models 1 and 5, these models also indicate lower returns to scale.  While 
other models indicate near constant (or slightly increasing), returns to scale, Models 1 
and 5 exhibit decreasing returns (Figure 12).   
The second order cross effect decompositions of the output elasticities are 
shown in Figure 13.  These decompositions show evidence of a mixture of 
complements (systems) and substitutability among inputs.  The results are quite 
consistent across models.   
 
Figure 11: Production Elasticities, Models 1 – 6 
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Figure 12: Estimated Returns to Scale, Output Distance Function Models 1 – 6  
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Figure 13: Second-order Cross Effects Decomposition of Production Elasticities 
The results from the output distance function Models 7 – 10 are presented in 
Tables A.21 – A.24. Summary statistics for the estimated technical efficiencies are 
shown in Table 8. Histograms of the estimated technical efficiencies are shown in 
Figure 14.  
The effects of the efficiency variables and their significance are quite similar to 
the results from the conditional mean models.  In model 7, efficiency increases with an 
increase in management ability as measured by operators’ own values of their labor 
and management, although this result is not robust to specification.  In model 8, when 
farm size as measured by the natural log of the average number of cows in production 
is not included in the expressions for the variances of v and u, the results show an 
insignificant negative effect on farm efficiency.  When the natural log of net farm  
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income per cow from the previous year is used as a measure of management ability in 
Models 9 and 10, we see a consistently positive effect of management ability on farm 
efficiency.   
Table 8: Summary Statistics for Estimated Technical Efficiencies, Output Distance 
Function Models 7-10 
   Model 7  Model 8  Model 9  Model 10 
Mean 0.9152 0.9121 0.9249 0.9195 
Std. Dev.  0.0727 0.0481 0.0726 0.0661 
Min 0.4314 0.5762 0.4636 0.4646 
Max 0.9951 0.9882 0.9946 0.9923 
N 3351 3351 2358 2358 
 
 
Figure 14: Estimated Technical Efficiencies. Output Distance Functions Models  
7-10 
Both Models 7 and 9 show increasing efficiency with farm size.  All four 
models show efficiency increasing with average operator education levels and  
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decreasing efficiency with operator age, consistent with the results from the 
conditional mean models.   The effects of the DFBS participation variables are slightly 
different from the results of the conditional mean models.  Models 7 and 8 show 
increasing efficiency with participation in the DFBS for more than four years, but no 
significant effects for any longer participation.  Model 9 shows a significantly negative 
effect of participation in the DFBS for more than 7 years and a significantly positive 
effect of participation for more than 10 years.  Model 10 shows a significantly positive 
effect of participation for more than 10 years only.  Average estimated technical 
efficiencies are relatively high and consistent across the four models, ranging from 
0.9121 to 0.9249.   
  Many of the production function coefficients are significant in all four 
heteroscedastic models.  Again, the largest variation in estimated coefficients across 
models occurs with the first-order input levels, although this variation is not as 
pronounced.  The estimated coefficients in Models 7 – 10 vary in magnitude but not in 
sign.   
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Figure 15: Estimated Returns to Scale, Output Distance Functions Models 7 – 10 
 
 
 
 
 
 
 
 
 
 
Figure 16: Estimated Production Elasticities, Output Distance Functions, Models 7 
– 10  
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Figure 17: Second-order Cross Effects Decomposition of Production Elasticities 
Models 7 – 10 
The estimated returns to scale for models 7 – 10 are shown in Figure 15. All 
elasticity estimates are calculated at the sample means and are shown in Figure 16.  
These results are more consistent across models than the results from the conditional 
mean models. Estimated RTS are larger in the models without cows in the 
specifications for the variances of v and u (Models 8 and 10) than in models 7 and 9, 
but these differences are not as pronounced as the in the conditional mean models.  
Estimated returns to scale range from 0.985 in Model 8 to 1.05 in Model 9.  Returns to 
scale are significantly different from unity in models 7, 8, and 10, but their magnitudes 
imply returns to scale that are basically constant.  The second order cross effects for  
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the decomposition of the output elasticities for Models 7 – 10 are shown in Figure 17. 
Just as in the conditional mean models, these models show a mixture of 
substitutability and complements across inputs.   
The estimated coefficients for parameterization of the variance of v are more 
difficult to interpret.  The effects of milking frequency and management ability 
(regardless of measure) are consistent across all four models.  The variance of v is 
smaller for farms that milk more than two-times daily and increases with management 
ability.  We calculate the estimated marginal effects of all the efficiency variables via 
the Wang formulas. The presented marginal effects are the average of all the 
individual farm marginal effects. The results are shown in Table 9.  
Since the variables operator value of labor and management per cow, net farm income 
per cow from the previous year, operator age, operator education, and cows all enter 
the models as their natural logs, the marginal effects of these variables can be 
interpreted as elasticities.  For example, in model 5, the average marginal effect of an 
increase in net farm income per cow from the previous year is -0.0262, implying a 
2.62 percent decrease in the expected value of u, or, equivalently, a 2.62 percent 
expansion in output due to increased efficiency.   
The marginal effects for the operator value of labor and management per cow 
on efficiency are larger than those for net farm income per cow for the models where 
farm size is included as an efficiency variable (Models 1 and 7, and 5 and 9, 
respectively).   However, the marginal effects of net farm income per cow are more 
consistent than operators’ own values of labor and management, as they show an 
increase in efficiency with increasing management ability regardless of specification.  
This suggests that net farm income per cow from the previous year may be a better 
measure of management ability than farmers’ own subjective estimates.   
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The largest increases in efficiency come from increases in operator education 
and farm size, but their relative magnitudes depend on specification.  The conditional 
mean models predict marginal effects from a one-percent increase in the average 
number of cows ranging from -0.18 to -0.25 and marginal effects from a one-percent 
increase in operator education ranging from -0.09 to -0.13.   In contrast, the 
heteroscedastic models predict marginal effects on efficiency from increases in farm 
size and education ranging from -0.05 to -0.1 and from -0.07 to -0.12, respectively.    
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Table 9: Estimated Marginal Efficiency Effects, Output Distance Functions Models 
1 – 10 
Average Marginal Efficiency Effect by Specification, Output Distance Functions    
 
  
Operator Value 
of Labor and 
Management per 
Cow 
Net Farm 
Income per 
Cow from the 
Previous Year  Age Education  Cows 
Model1 -0.0696    0.0480 -0.1172  -0.2506
Model2 0.0172    0.0409 -0.0942   
Model5   -0.0262 0.0382 -0.1341  -0.1803
Model6   -0.0311 0.0596 -0.1041   
Model7 -0.0355    0.0410 -0.0920  -0.0965
Model8 0.0042    0.0530 -0.1161   
Model9   -0.0180 0.0316 -0.0847  -0.0526
Model10     -0.0179 0.0284 -0.0755    
   
  
Milking 
Frequency 
DFBS 
Participation at 
least 4 years 
DFBS 
Participation at 
least 7 years 
DFBS 
Participation at 
least 10 years    
Model1 -0.0025  -0.0183 -0.0210 0.0059   
Model2 -0.0111  -0.0105 0.0101 0.0191   
Model5 -0.0085  -0.0040 -0.0008 -0.0236   
Model6 -0.0123  -0.0025 -0.0410 -0.0063   
Model7 0.0017  -0.0137 -0.0102 0.0145   
Model8 -0.0212  -0.0067 0.0014 -0.0901   
Model9 0.0000  -0.0038 0.0119 -0.0230   
Model10 -0.0070 0.0040 -0.0330 -0.0035     
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Input Distance Function Results 
  Input distance functions were estimated via equation [4.2] for Models 1 – 4 
and Models 7 – 10.  Models 5 and 6 are not presented due to failed convergence
1. The 
estimation results are presented in Tables A.25 – A.32.   
  Many of the input requirement function coefficients are statistically significant.  
These coefficients are plotted in Figure 18.  The coefficients are much more stable 
across model specifications than coefficients for the output distance functions 
presented above.  There are no significant sign changes across model specifications.  
Summary statistics for the predicted technical efficiencies from each of the 
input distance function models are presented in Table 10. The input distance functions 
all show high levels of average efficiency with the exception of the time-invariant 
specification in Model 3.  Model 3 predicts an average, input-oriented technical 
efficiency of 1.4519, or a 1.4519
-1*100 = 68.9 percent efficient. This estimate seems 
quite low compared to the estimated average technical efficiency predicted by the 
more flexible, input oriented Models 1 – 2, and 7 – 10.  These models predict average 
technical efficiency ranging from 1.0538 to 1.0730, or between 93 percent – 95 
percent efficient, slightly higher than the predicted efficiencies from the output 
distance function specifications.  Histograms for the predicted technical efficiencies 
for Models 1-3 and 7-10 are presented in Figure 19.  
 
                                                 
1 Several alternative algorithms and many sets of starting values were tried.  
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Variable 
Number Variable  Name 
Variable 
Number Variable  Name   
1 Operator  Labor  19 (Capital)*(Crops)   
2 Hired  Labor  20 (Crops)
2  
3 Purchased  Feed  21 Milk   
4  Capital  22 Other Output     
5 Crops  23 (Milk)
2  
6 (Operator  Labor)
2 24 (Milk)*(Other  Output)   
7  (Operator Labor)*(Hired Labor)  25 (Other Output)
2  
8  (Operator Labor)*(Purchased Feed)  26 (Milk)*(Operator Labor)   
9  (Operator Labor)*(Capital)  27 (Other Output)*(Operator Labor)   
10  (Operator Labor)*(Crops)  28 (Milk)*(Hired Labor)   
11 (Hired  Labor)
2 29 (Other  Output)*(Hired  Labor)   
12  (Hired Labor)*(Purchased Feed)  30 (Milk)*(Purchased Feed)   
13  (Hired Labor)*(Capital)  31 (Other Output)*(Purchased Feed)   
14 (Hired  Labor)*(Crops)  32 (Milk)*(Capital)   
15 (Purchased  Feed)
2 33 (Other  Output)*(Capital)   
16 (Purchased  Feed)*(Capital)  34 (Milk)*(Crops)   
17 (Purchased  Feed)*(Crops)  35 (Other  Output)*(Crops)   
18 (Capital)
2      
Figure 18: Input Distance Function Coefficients 
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Table 10:  Estimated Technical Efficiencies, Input Distance Functions 
   Model 1  Model 2  Model 3  Model 7 
Mean 1.0713 1.0730 1.4519 1.0538 
Std. Dev.  0.0528 0.0517 0.1204 0.0311 
Min 1.0157 1.0164 1.0751 1.0113 
Max 1.6247 1.6085 1.9771 1.2961 
N 3351 3351 3375 3351 
     
   Model 8  Model 9  Model 10   
Mean 1.0655 1.0667 1.0706  
Std. Dev.  0.0338 0.0717 0.0722  
Min 1.0132 1.0108 1.0146  
Max 1.3332 1.8182 1.8258  
N 3351 2358 2358  
 
For the conditional mean models 1 and 2, only operator value of labor and 
management per cow and operator education are significant at 95 percent confidence.  
However, these models predict that management ability when measured this way 
serves to decrease efficiency, in contrast to the output distance function models.  
Models 1 and 2 predict increasing efficiency with higher levels of operator education.  
Interestingly, Model 1 shows no significant relationship between farm technical 
efficiency and farm size as measured by the average number of cows in production.    
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Figure 19: Estimated Technical Efficiencies, Input Distance Functions 
The heteroscedastic input-oriented models 7 and 8 show similar results to the 
output distance function models for age, education and survey participation.  The 
model results diverge, however, with respect to the effects of farm size and 
management ability.  For the input specifications, Models 7 and 8 show decreasing 
efficiency for higher levels of both management ability measures, as measured by  
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operators’ own values of labor and management.   Model 7 predicts that efficiency 
may decrease with farm size; an interesting result given how strong the efficiency 
effects due to farm size are in the output distance function models.  
  For the heteroscedastic models 9 and 10, with net farm income per cow from 
the previous year used as a measure of management ability, the results are very similar 
to the results for models 9 and 10 using the output distance function specifications.  
Net farm income per cow from the previous year has a highly significant positive 
effect on farm efficiency in both models.  Model 9 shows increasing efficiency with 
farm size, but this effect is much smaller than is predicted by the output distance 
function models.  The average marginal effects for each variable and model are shown 
in Table 11.  
  Figure 20 shows the estimated returns to scale (computed at the sample means) 
across the input distance function model specifications.  In contrast to the output-
oriented models, all specifications predict increasing returns to scale. The estimated 
elasticities of inputs with respect to output are shown in Table 12.  If we interpret 
these measures as input utilization shares, we see that, as expected, the milk output far 
outweighs the other output in terms of input use.  The decomposition of these 
elasticities shows significant negative cross effects between the two outputs, indicating 
production jointness.   An increase in one output leads to an increase in the marginal 
productivity of inputs used in the production of the other output.  Given that the 
accrual receipts aggregated to form the “other” output largely consist of by-products 
of milk production, this result is expected.    
  76
 
 
 
 
Table 11: Estimated Marginal Efficiency Effects Input Distance Functions Models 
  
 
Operator Value 
of Labor and 
Management 
per Cow 
Net Farm 
Income from 
the Previous 
Year per Cow 
Age Education  Cows 
Model 1  0.0098  0.0168 -0.0479  -0.0033
Model 2  0.0306  0.0436 -0.1284 
Model 7  0.0192  0.0177 -0.0841  0.0258
Model 8  0.0039  0.0276 -0.0944 
Model 9    -0.0145 0.0167 -0.0689  -0.0087
Model 10     -0.0142 0.0170 -0.0661   
   
 
Milking 
Frequency 
DFBS 
Participation at 
least 4 years 
DFBS 
Participation at 
least 7 years 
DFBS 
Participation at 
least 10 years   
Model 1  -0.0028  -0.0049 -0.0033 0.0047   
Model 2  -0.0127  -0.0081 0.0097 0.0924   
Model 7  0.0052  -0.0136 0.0021 -0.0123   
Model 8  -0.0174  0.0003 -0.0067 -0.0162   
Model 9  0.0009  -0.0080 0.0079 -0.0328   
Model 10  -0.0086  0.0063 -0.0298 -0.0073    
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Table 12: Input Elasticity Estimates, Input Distance Functions 
   Milk Output Other Output
Model 1  0.8112 0.0578
Model 2  0.8068 0.0576
Model 3  0.7711 0.0435
Model 4  0.8000 0.0584
Model 7  0.7842 0.0552
Model 8  0.8029 0.0574
Model 9  0.8359 0.0624
Model 10  0.8271 0.0638
Figure 20: Estimated Returns to Scale, Input Distance Function Models 
  
  78
 
 
With regard to both the input and output specifications, it seems that lagged 
values of net farm income per cow provides a better estimate of management ability 
than operators’ own values of their labor and management per cow.  The subjective 
farmer estimates may be subject to measurement error in that farmers may either 
understate or overstate their own values, with no clear indication as to whether the 
errors are systematic in either direction.  Net farm income per cow is a more objective 
measure and consistent with Stigler’s conjecture that differences in management 
ability should be reflected in profits.  Our results indicate that, using this measure, 
higher levels of farmer management ability lead to higher levels of farm efficiency, 
regardless of model specification.  For example, both input oriented models 9 and 10 
predict that a marginal increase in management ability for the average farmer will 
increase efficiency by 1.4 percent, or, equivalently, reduce all inputs by that amount 
without changing output levels. 
Cost Frontier Results 
  Cost frontiers were estimated for all ten model specifications from equation 
[4.3], but none was found to be well behaved for either the concavity or monotonicity 
assumptions.  To impose these assumptions on the estimation equation, we restrict the 
coefficients of all of the input price cross terms and the input price – output interaction 
to zero.
2  The resulting estimates preserve the concavity and monotonicity 
assumptions while still allowing scale economies to vary with output.   
  The results for the ten model specifications are displayed in Tables A.33 – 
A.42. The input price coefficients show some variation across model specifications, 
implying that the predicted cost frontier is dependent on the specification of the 
efficiency term.  Under perfect competition assumptions, these coefficients can be 
                                                 
2 These restrictions imply global satisfaction of the concavity and monotonicity assumptions.  
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considered cost shares. Table 13 shows the estimated cost shares for each 
specification, along with the actual calculated average cost shares for the entire sample 
of farms in the analysis.  
Table 13: Estimated Cost Shares Models 1 – 10 
   Model 1  Model 2  Model 3  Model 4  Model 5 
Labor Input  0.2104 0.2066 0.2467 0.1748  0.3102
Purchased Feed Input  0.2402 0.2390 0.2378 0.2199  0.2892
Capital Input  0.2154 0.2179 0.0997 0.2685  0.1428
Crops Input  0.0401 0.0342 0.0599 0.0173  0.0762
Livestock Input  0.2939 0.3024 0.3560 0.3195  0.1816
       
       
   Model 6  Model 7  Model 8  Model 9  Model 10 
Labor Input  0.2616 0.1982 0.2175 0.2847  0.3303
Purchased Feed Input  0.2882 0.2474 0.2488 0.3331  0.3455
Capital Input  0.2261 0.2159 0.2216 0.1678  0.1344
Crops Input  0.0336 0.0626 0.0561 0.0551  0.0583
Livestock Input  0.1905 0.2759 0.2561 0.1594  0.1314
 
  All specifications show increasing returns to scale, very similar to the 
estimates provided by the input distance function models (Figure 21.).  The sign of the 
coefficient for the output interaction term is significantly negative in all ten 
specifications indicating the presence of output jointness, similar to the input distance 
functions.  In this case, these coefficients imply that, loosely speaking, the marginal  
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cost of producing milk decreases with higher levels of production of the other output 
and vice-versa.  
 
Figure 21: Estimated Returns to Scale, Cost Frontier Models 1 – 10 
None of the efficiency term variables is statistically significant in Models 1 or 
2.  The coefficient signs are similar to the input distance function results with the 
exceptions of operators’ values of labor and management per cow, which has the 
expected negative sign.  Both specifications show values of γ  near unity, indicating a 
significant presence of cost efficiency despite the insignificance of the individual 
explanatory variables.      
  Models 5 and 6 show increasing efficiency with management ability as 
measured by net farm income per cow from the previous year, operator education, and 
farm size.  Both models show that older farmers are less efficient then younger 
farmers with a positive sign for the coefficient on Age.  The coefficient signs for the 
DFBS participation variables are consistent across both models, but while model 5 
only shows a significant increase in efficiency with participation in the DFBS for at  
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least ten years, model 6 shows significant cost efficiency gains from participation for 
at least four years as well as at least ten-year participation.   
  The heteroscedastic cost efficiency models 7 – 10 show very similar results for 
the efficiency variables.  Models 7 and 8 show statistically insignificant efficiency 
gains with increasing management ability as measured by operators’ own values of 
labor and management per cow.  Using net farm income per cow from the previous 
year to measure farmers’ management ability in models 9 and 10 shows significant 
efficiency gains with increasing management ability.   
  Marginal cost efficiency effects were calculated via the Wang formulas for 
each of the variables.  The marginal effects are shown in Table 14, and are the average 
of all the individual computed marginal effects.  All marginal effects are calculated at 
the sample means of the data.  Using net farm income per cow from the previous year 
as a measure of farmer management ability shows that, for the average farm, a 
marginal increase in management ability implies a decrease in total costs between 1.7 
and 2.8 percent.  
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Table 14: Estimated Marginal Efficiency Effects, Cost Frontier Models 1 – 10 
 
  
Operator Value 
of Labor and 
Management 
per Cow 
Net Farm 
Income from 
the Previous 
Year per Cow  Age   Education  Cows 
Model 1  -0.0012    0.0386 -0.0810  -0.0311
Model 2  0.0099    0.0420 -0.0897   
Model 5    -0.0204 0.0352 -0.0909  -0.0436
Model 6    -0.0289 0.0490 -0.0887   
Model 7  -0.0034    0.0307 -0.0675  0.0160
Model 8  -0.0055    0.0452 -0.0967   
Model 9    -0.0170 0.0247 -0.0798  -0.0072
Model 10     -0.0169 0.0249 -0.0801    
   
  
Milking 
Frequency 
DFBS 
Participation 
at least 4 
years 
DFBS 
Participation 
at least 7 
years 
DFBS 
Participation 
at least 10 
years    
Model 1  -0.0082  -0.0086 -0.0074 0.0136   
Model 2  -0.0088  -0.0081 0.0082 0.0011   
Model 5  -0.0103  -0.0066 0.0091 -0.0245   
Model 6  -0.0171  0.0007 -0.0434 -0.0064   
Model 7  0.0025  -0.0085 -0.0035 -0.0194   
Model 8  -0.0151  -0.0038 -0.0076 -0.0955   
Model 9  -0.0009  -0.0126 0.0141 -0.0434   
Model 10  -0.0144  0.0134 -0.0398 -0.0109    
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Summary statistics for the computed cost efficiencies for each model 
specification are presented in Table 15.  Here again the results show that average 
efficiency scores (and hence the frontier) are dependent on the specification of the 
efficiency term.  Model 3 shows the lowest average cost efficiency (highest average 
inefficiency) likely due to the lower flexibility of the time-invariant specification 
relative to the conditional mean and heteroscedastic models.  There is also a large 
difference in average estimated cost efficiency between models 5 and 6, with and 
without farm size appearing in the efficiency term, respectively.  When farm size, as 
measured by the average number of cows in production, is included in the efficiency 
term, average estimated cost efficiency is 1.12 (Model 5).  When farm size is not 
included (Model 6), average estimated cost efficiency is much lower at1.33.   
  The other specifications, Models 1 and 2, and 7 – 10, show more consistent 
average estimated cost efficiencies.  The estimates range form 1.0607 to 1.0867, 
implying between 92 and 94 percent cost efficiency.   
Table 15: Summary Statistics for Estimated Cost Efficiencies Models 1 – 10 
      
   Model 1  Model 2  Model 3  Model 5  Model 6 
Mean 1.0831 1.0805 1.5407 1.1251  1.3271
Std Dev  0.0809 0.0698 0.1428 0.1070  0.0899
Min 1.0158 1.0168 1.0746 1.0155  1.1557
Max 1.9756 1.8985 2.1425 2.0119  1.6971
N 3351 3351 3375 2358  2358
      
   Model 7  Model 8  Model 9  Model 10    
Mean 1.0607 1.0867 1.0826 1.0861   
Std Dev  0.0341 0.0501 0.0873 0.0886   
Min 1.0107 1.0119 1.0145 1.0133   
Max 1.3016 1.6317 2.2043 2.1865   
N 3351 3351 2358 2358   
  
Finally, we can compare these estimated cost efficiencies to estimated input 
oriented technical efficiencies to derive an estimate of the degree of allocative  
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efficiency of the farms in our sample.  In this case, allocative efficiency requires that 
all inputs are used in the correct proportions with respect to their marginal products 
and prices.  As shown in Table 16, Models 1 and 2, and 7-10, show that the average 
farm is close to being fully allocatively efficient, while model 3 predicts an average of 
94 percent allocative efficiency.   
Table 16:  Estimated Average Allocative Efficiency, Cost Frontier Models 1 –3, 7 – 
10 
Model 1  Model 2  Model 3  Model 7  Model 8  Model 9  Model 10 
        
1.0110 1.0070  1.0612 1.0065 1.0199 1.0148  1.0145
 
  It should also be noted that unlike the allocative efficiencies presented in the 
previous chapters with DEA, these allocative efficiency measures are only 
theoretically bounded.  Some of the farms in the analysis show greater than 100 
percent estimated allocative efficiency.  This may be due to the fact that the translog 
function is not self-dual. This is a form of measurement error that may manifest itself 
in the allocative efficiency estimates.  Thus, we can get a sense of the degree of 
allocative efficiency by judging the closeness of the technical and cost efficiency 
estimates.     
Revenue Frontier Results 
Results from the revenue frontier estimation are shown in Tables A.43 – A.52. 
Not surprisingly, given the jointness of the two outputs of the farms in our sample, the 
results from the revenue frontier functions resemble the results from the output 
distance function quite closely.    
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  The effects of the efficiency term variables are also very similar to the results 
from the output distance functions.  Net farm income per cow from the previous year 
seems to be a better indicator of management ability than farmers’ own estimates of 
the value of their labor and management as judged by the statistically significant 
results across models.  All relevant model specifications show increasing revenue 
efficiency with management ability as measured by net farm income per cow from the 
previous year.  The revenue efficiency effects for operators’ own values of the labor 
and management per cow are mixed.  When the average number of cows is included in 
the efficiency specification, Models 1 and 7 show increasing efficiency with this 
measure of management ability, but the relationship is reversed when the average 
number of cows is excluded from the efficiency terms in Models 2 and 8.  
  Summary statistics for the estimated revenue efficiencies for each model 
specification are presented in Table 17.  The conditional mean models 1 and 5, with 
farm size included in the efficiency term show lower average revenue efficiencies than 
the other specifications of 0.7873 and 0.7971, respectively.  Just as with the output 
distance function models, Model 6 also shows a relatively low average level of 
revenue efficiency but this statistic is not easily interpretable given that the estimate 
for γ  in this model is not significantly different from zero, indicating no significant 
presence of revenue inefficiency.  Models 7 – 10 all show average revenue efficiency 
near 0.91.  
Estimated average marginal revenue efficiency effects are shown in Table 18. 
Just as with the DEA revenue efficiency results, these results predict high levels of 
allocative efficiency.  
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Table 17: Summary Statistics for Estimated Revenue Efficiencies Models 1 – 10 
   Model 1  Model 2  Model 3  Model 5  Model 6 
Mean 0.7873 0.9230 0.8796 0.7971  0.8182
Std Dev  0.1343 0.0593 0.0732 0.1301  0.0669
Min 0.3429 0.4160 0.4641 0.3815  0.5761
Max 0.9886 0.9830 0.9948 0.9920  0.9281
N 3351 3351 3375 2358  2358
      
      
      
   Model 7  Model 8  Model 9  Model 10    
Mean 0.9076 0.9057 0.9070 0.9079   
Std Dev  0.0744 0.0540 0.0807 0.0766   
Min 0.4010 0.4405 0.3800 0.3857   
Max 0.9925 0.9884 0.9955 0.9946   
N 3351 3351 2358 2358   
      
Figure 22: Estimated Returns to Scale, Revenue Frontier Models 1 – 10 
Finally, summing the first partial derivatives of the revenue function with 
respect to each input, we can arrive at estimates of economies of scale in terms of 
revenue.  As shown in Figure 22, these estimates show decreasing returns to scale for 
Models 1 and 5 and near constant or slightly increasing returns to scale for all other 
models, quite consistent with the estimates from the output distance functions.     
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Table 18:  Average Marginal Revenue Efficiency Effects Models 1 – 10 
 
  
Operator 
Value of Labor 
and 
Management 
per Cow 
Net Farm 
Income per 
Cow from the 
Previous Year  Age Education  Cows 
Model 1  -0.0714    0.0503 -0.1160  -0.2285
Model 2  0.0126    0.0378 -0.0948   
Model 5    -0.0338 0.0310 -0.1308  -0.1578
Model 6    -0.0415 0.0479 -0.1015   
Model 7  -0.0457    0.0439 -0.1042  -0.0951
Model 8  0.0020    0.0625 -0.1323   
Model 9    -0.0239 0.0239 -0.0696  -0.0361
Model 10     -0.0249 0.0176 -0.0744    
   
  
Milking 
Frequency 
DFBS 
Participation 
at least 4 
years 
DFBS 
Participation 
at least 7 
years 
DFBS 
Participation 
at least 10 
years    
Model 1  -0.0012  -0.0169 -0.0316 0.0134   
Model 2  -0.0083  -0.0272 0.0254 0.0173   
Model 5  -0.0054  -0.0191 0.0024 -0.0128   
Model 6  -0.0309  0.0050 -0.0154 -0.0061   
Model 7  0.0038  -0.0123 -0.0208 0.0214   
Model 8  -0.0167  -0.0176 0.0146 -0.0910   
Model 9  0.0018  -0.0117 0.0099 -0.0064   
Model 10  -0.0171  0.0086 -0.0063 0.0027     
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Discussion 
  We have presented a large number of model specifications, but we are left to 
choose which is best.  There are four criteria presented in the above results on which 
we must base our preferred model choice (if one exists).  First, we can choose which 
orientation (output or input) most likely describes the economic behavior of the farms 
in our sample.  Second, we can choose which management ability indicator is likely to 
give the best estimates of the true management abilities of the dairy farm operators in 
our sample. Third, we can choose between the conditional mean or heteroscedastic 
specifications. Fourth, we can decide whether farm size, as measured by the average 
number of cows in production, should be included in the set of efficiency variables.  
The choice of an output or input specification depends on whether one believes 
input or output choices are more likely to describe farmers’ decision-making 
processes.  The duality of the input distance function and the cost function suggests 
that if farmers choose inputs to minimize the cost of producing some target output, 
then an input distance function approach would be most appropriate.  An estimate of 
input oriented allocative efficiency can be derived from the ratio of estimated cost 
efficiency to estimated input oriented technical efficiency. On the other hand, if 
farmers are believed to choose outputs to maximize revenue then an output distance 
function would be more appropriate, with estimated allocative efficiency derived from 
estimated revenue efficiency.  Thus, the choice of input or output orientation depends 
on the behavioral assumptions we are willing to make.   Revenue maximization is a 
reasonable assumption for firms that sell their outputs in competitive markets or have 
fixed inputs, while cost minimization assumes exogenously determined output levels, 
possibly due to regulation or some other constraint (Färe and Primont 1995).  Given 
the farms in our data set, which sell milk on competitive markets and may deal with 
input fixities, the assumption of revenue maximization seems most appropriate. Thus,  
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the output specifications may provide better insights into the technical and allocative 
efficiencies of the dairies in our sample.  
The choice of the preferred measure of management ability is clearer. The 
efficiency effects of net farm income per cow from the previous year were more 
consistent across specifications, and were always statistically significant.   This 
measure is also more objective than operators’ own values of their labor and 
management in that it is directly linked to farm performance.  As mentioned 
previously, since net farm income includes asset appreciation, which in the DFBS are 
estimated by the farmers themselves, there is the possibility that this measure suffers 
from some of the same bias as the more subjective measure.  However, since the farm 
assets in question are tradable, with market prices likely known to farmers, we expect 
this bias to be small relative to the more abstract value of management and labor.  
The model results support the choice of the heteroscedastic specifications over 
the conditional mean specifications. Kumbhakar and Lovell (2000) show that if u is 
heteroscedastic and it is ignored, then the parameters of the production function and 
the estimates of technical efficiency are biased.  If v is heteroscedastic and not 
corrected, then the parameters of the production function are consistent but the 
estimates of technical efficiency are biased. All of the heteroscedastic models show 
significant coefficients in the residual variance.  The variance of v tends to increase 
with management ability (regardless of measure) and decrease with farm size and 
milking frequency across the several specifications.  In addition, the conditional mean 
model coefficients are more volatile across the specifications, likely due to their 
greater flexibility relative to the heteroscedastic specifications and the correlation of 
farm size with the input and output levels, thus influencing the input and output 
elasticity estimates.  
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  Finally, the inclusion of farm size, as measured by the average number of cows 
in production in the efficiency term seems justified given the significant results in 
each of the output oriented models.  While there may be some problems with this 
measure with respect to endogeneity (it is possible that large farms achieve their size 
relative to their peers because they are efficient), its inclusion in the variance of the 
efficiency distribution is reasonable given the Tauer and Mishra (2005) observation 
that there exist greater variation in firm efficiencies among smaller U.S. dairies than 
larger ones.  
  In sum, the above arguments and observations in combination with the 
empirical results presented in this chapter suggest that the output oriented 
specifications of Model 9 may provide the best description of both the frontier and the 
distribution of farm level efficiencies. 
Efficiency over Time 
As discussed previously, we may expect some increase in efficiency for any 
particular farm over time due to learning effects.  Through learning over time, farm 
operators may simply become better farmers and move their operations closer to the 
attainable frontier, although some of this learning may be counteracted by the 
empirical observation that farm efficiency decreases with farmer age – all else held 
constant.  However, at least part of the management capacity that we hope to measure 
may not be influenced by such learning effects inasmuch as it may be influenced by 
idiosyncratic, inherent abilities of the farmers in our sample.  
  We will focus on the output distance function Model 9. Recall that for this 
model, our proxy for farmer management ability is net farm income per cow from the 
previous year with a total sample size of 2358 observations on 510 farms over 11 
years.  We created a data set consisting of all observed year over year changes in  
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estimated technical efficiency for each farm.  This method necessarily excludes the 
estimated technical efficiencies for farms that do not appear in our unbalanced panel in 
two consecutive years.  The above methods create a data set of 1762 year over year 
changes in estimated technical efficiency.  A summary of these data are presented in 
Table 19.  Roughly 30 percent of all the observed year over year changes in estimated 
technical efficiency are less than 0.5 percent with 45 percent less than 1 percent.  
Thus, for most of the farms in our sample their efficiency scores are quite stable over 
time, with only a few observed large swings in either direction.  The distribution of 
these changes in estimated technical efficiency is shown in the histogram in Figure 23.  
It shows a highly peaked, symmetric distribution centered near zero.  Both Table 19 
and Figure 23 show that even with the flexibility provided by the pooled data methods 
the estimates of technical efficiency provided by this model are rather stable for 
individual farms over time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23: Distribution of Observed Changes in Estimated Technical Efficiency 
over Time, Output Distance Function Model 9 
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Table 19: Summary Statistics for Changes in Estimated Technical Efficiency over 
Time, Output Distance Function Model 9. 
 
         Proportion with Changes less than: 
   Observations  Farms    Percentage  Proportion 
 1  90   0.50% 0.3059
 2  47   1.00% 0.4523
 3  40   2.50% 0.6430
 4  47   5.00% 0.7798
 5  45   10.00% 0.8978
 6  23   Residual 1.0000
 7  30      
 8  17   Mean  0.0029
 9  9   Std  Dev  0.0604
 10  48   Min  -0.2885
       Max  0.3111
Total 1762  396        
  
 93
CHAPTER 8 
CONCLUSION 
We explored the role of management ability in explaining efficiency on a 
sample of New York dairy farms using both Data Envelopment Analysis (DEA) and 
stochastic frontier estimation.  First, we tested whether computed technical, cost, and 
revenue efficiencies under DEA are due to a missing input, which we argue may be 
the management input. Using an unbalanced panel of individual farm data from the 
Cornell University’s Dairy Farm Business Summary (DFBS) from 1993 - 2004 we 
defined 6 inputs, including operator labor, hired labor, purchased feed, livestock, 
capital, and crop inputs, and two outputs, including milk output and all other outputs.  
We defined the management input in two ways.  First, the DFBS asks farmers to 
estimate their own values of labor and management.  Second, the panel nature of the 
data set allows us to use the previous year’s net farm income as a measure of farmer 
management ability.  Using the lagged data prevents any contemporaneous bias in 
efficiency measurement and is consistent with Stigler’s conjecture that differences in 
management ability should be captured in profits.   
Management as a Missing Input 
To test for the effects of the missing management input we first calculated 
DEA efficiency scores using the original six inputs and two outputs.  These 
efficiencies were recalculated first using operators’ values of labor and management, 
and then using lagged net farm income, in place of the operator labor input.  The 
resulting efficiency scores were compared. We find weak evidence of the missing 
management input using our two measures, and that change in computed efficiencies 
resulting from including the management input depends on whether one uses an input 
or output orientation. The change in efficiencies using operators’ values of labor and  
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management are small, often less than 1 percent.  Using lagged net farm income as the 
management input increases computed input-oriented technical efficiency by an 
average of 1 percent and cost efficiency by 1.2 percent.  Output oriented technical 
efficiency increases by 1.7 percent and revenue efficiency increases by nearly 2 
percent.  The impact of this measure of the management input on the allocative 
components of cost and revenue efficiencies was negligible, indicating that this 
measure of management ability serves more to explain differences in technology 
choice than allocative abilities.  
Efficiency Effects of Management 
We also estimated input- and output-oriented technical efficiencies, cost 
efficiencies and revenue efficiencies using stochastic frontier functions. The technical 
efficiencies were estimated using distance function methodologies.  We transformed 
our management input variables to a per cow basis and included them as efficiency 
effects variables along with operator age, education, farm size, and years of 
participation in the DFBS.  This allowed us to measure the impacts of management 
ability on farm efficiency while controlling for other factors that may also affect 
efficiency.  We estimated conditional mean and heteroscedastic efficiency term 
specifications for each frontier model.  We again find that using lagged net farm 
income per cow may be a preferred measure of management ability than farmers’ own 
estimates of the value of their labor and management per cow.  We find that at the 
margin this measure of management ability increases input-oriented technical 
efficiency by 1.4 – 1.5 percent and cost efficiency by between 1.7 – 2.9 percent, 
depending on specification. Output oriented technical efficiency and revenue 
efficiency increase at the margin by 1.8 – 3.0 percent and by 2.4 – 4.2 percent  
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respectively.  We also find increasing efficiency with operator education, farm size, 
and extended DFBS participation and decreasing efficiency with operator age.   
As with the DEA results, lagged net farm income per cow seems to be the 
preferred management measure of the two we have specified. It’s results are more 
consistent across model specifications than operators’ own values of labor and 
management per cow.  
Comparing DEA and Stochastic Frontiers 
We will focus our comparison of the two efficiency measurement 
methodologies on the output-oriented models using lagged net farm income.  Figures 
24 and 25 show the mean estimated technical and revenue efficiencies (and 95 percent 
confidence intervals) respectively.  
 
 
Figure 24: Mean Estimated Technical Efficiency, by year and estimation method 
More descriptive than the mean efficiency estimates, however, are differences 
in efficiency rankings between the two methods. Rankings are difficult to determine 
given the many farms that are considered fully efficient using DEA.  A simple 
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descriptive tool may be the correlation coefficient between any two sets of efficiency 
scores.  The correlation coefficients for the selected output oriented models are shown 
in Table 20. A correlation coefficient near unity implies a strong positive relationship 
between the sets of efficiency scores; although absolute efficiency rankings may 
differ, they are likely to be quite similar.  A correlation coefficient near zero implies 
widely different efficiency rankings between the two methods.   
 
Figure 25: Mean Estimated Revenue Efficiency, by year and estimation method 
The results in Table 20 imply technical efficiency rankings that are quite 
different between the DEA and stochastic frontier approaches, with correlation 
coefficients of 0.42 and 0.38 between the output distance function approach in Model 
9 and the DEA problems using operator labor and net farm income from the previous 
year, respectively.  The revenue efficiency rankings are more similar with the same 
correlation coefficients of 0.63 and 0.54.   
In general, we conclude that the efficiency rankings are quite different between 
the two methods.  Much of the difference is likely attributed to measurement error, 
which the deterministic DEA models are ill equipped to handle. Recently, Simar and 
Wilson have proposed bootstrapping techniques for DEA analysis which may 
overcome these limitations.  Another explanation may be the large number of farms 
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that are considered fully efficient by DEA, while in the stochastic frontier results only 
a few farms fully are efficient.   
Table 20: Correlation Coefficients of Selected Output Oriented Model Estimated 
Technical Efficiencies 
Technical Efficiency          
   DEA Operator Labor  DEA Net Farm Income  ODF Mod 9 
DEA Operator Labor  1    
DEA Net Farm Income  0.71 1   
ODF Mod 9  0.42 0.38  1
     
Revenue Efficiency          
   DEA Operator Labor  DEA Net Farm Income  Rev Front Mod 9 
DEA Operator Labor  1    
DEA Net Farm Income  0.77 1   
Rev Front Mod 9  0.63 0.54  1
           
Measuring Management Ability 
  The results-oriented net farm income measure seems to provide stronger 
empirical findings for both the DEA analysis where we investigate management as a 
missing input and the stochastic frontier analysis where management ability is 
considered to affect the distribution of efficiencies.  This is not surprising in that the 
more subjective valuations of farmers’ labor and management are likely subject to 
more measurement error that have no direct impact on the financial performance of the 
farms in our sample and thus do not carry much of an incentive to be estimated 
accurately. It is also clear that the other factors included in our efficiency effects  
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models, such as farmer education and age, may also in part measure management 
ability in that they may be descriptions of farmer capabilities and knowledge.  
  Future research may focus on developing better measures of the management 
input or farmers’ management abilities using combinations of farm financial 
performance indicators and farmer characteristics.  A renewed focus on measuring 
management ability would likely yield further insights into differences in efficiency 
across farm, although that perfect measure of management ability (if it exists) remains 
elusive.  
  For agricultural economists concerned with farm performance, this analysis 
provides a point of departure. The imperfect measures of the management input and 
farmer managerial ability we have presented each show some impact on farm 
efficiency and hence farm performance. Further refinements of these measures as well 
as developing an understanding of why some farmers are better managers than others 
are necessary before any policy prescriptions relating to farm efficiency and 
performance can be suggested. 
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AUXILLARY TABLES 
 
 
 
 
 
Table A.1:  Number of New York Dairy Farms Participating in the Dairy Farm 
Business Summary 1993 – 2004. 
Year  Number of Farms 
1993 354 
1994 324 
1995 329 
1996 307 
1997 280 
1998 324 
1999 314 
2000 292 
2001 228 
2002 219 
2003 205 
2004 199 
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Table A.2:  Input and Output Price Indexes 
Year  Milk   CPI  Slaughter Cows  Hay  Chemicals 
1993 96  107  100  104  109 
1994 98  109  95  114  112 
1995 96  112  92  106  116 
1996 110  115  99  114  119 
1997 99  118  98  130  121 
1998 114  120  97  116  122 
1999 108  122  95  102  121 
2000 97  126  97  105  120 
2001 116  130  106  121  121 
2002 94  133  90  121  119 
2003 97  136  103  115  121 
2004 124  141  122  114  120 
Year  Replacement Cows  Complete Feeds  Fuels  Farm Machinery  Taxes 
1993 103  102  93  107  108 
1994 104  105  89  113  106 
1995 100  101  89  120  109 
1996 96  128  102  125  112 
1997 98  125  106  128  115 
1998 99  112  84  132  119 
1999 114  104  93  135  120 
2000 119  104  134  139  123 
2001 133  110  119  144  124 
2002 143  114  112  148  126 
2003 119  113  140  150  128 
2004 140  122  163  162  130 
Year Fertilizer  Seed 
Building 
Materials Rent Taxes 
1993 96  101  106  100  108 
1994 105  108  109  108  106 
1995 121  110  114  117  109 
1996 125  115  115  128  112 
1997 121  119  118  136  115 
1998 112  122  118  120  119 
1999 105  122  120  113  120 
2000 110  124  121  110  123 
2001 123  132  121  117  124 
2002 108  142  122  119  126 
2003 124  154  124  120  128 
2004 141  158  134  120  130 
Year  Interest  Other Services  Custom Rates  Wages  Supplies 
1993 87  110  109  108  105 
1994 94  111  104  111  106 
1995 102  116  111  114  110 
1996 106  116  113  117  113 
1997 105  116  115  123  114 
1998 104  115  117  129  115 
1999 106  116  115  135  117 
2000 113  118  120  140  118 
2001 109  121  121  146  121 
2002 104  120  120  153  123 
2003 102  122  125  157  125 
2004 103  124  125  161  127  
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Table A.3: DEA Results. Average Input Oriented Technical Efficiency, Sample 1. 
Operator Labor in the Input Set       
        
Year   Mean   Standard Error  95% Confidence Interval 
1993 0.9374 0.0038 0.9300 0.9447
1994 0.9316 0.0042 0.9233 0.9398
1995 0.9181 0.0049 0.9086 0.9276
1996 0.9161 0.0053 0.9057 0.9266
1997 0.9157 0.0054 0.9052 0.9263
1998 0.9060 0.0048 0.8965 0.9154
1999 0.9172 0.0048 0.9077 0.9267
2000 0.9308 0.0047 0.9216 0.9399
2001 0.9172 0.0060 0.9054 0.9291
2002 0.9202 0.0059 0.9087 0.9316
2003 0.9323 0.0054 0.9217 0.9429
2004 0.9412 0.0055 0.9305 0.9520
        
Operator Value of Labor and Management in the Input Set 
        
Year   Mean   Standard Error  95% Confidence Interval 
1993 0.9326 0.0039 0.9249 0.9403
1994 0.9276 0.0045 0.9188 0.9363
1995 0.9150 0.0051 0.9050 0.9251
1996 0.9144 0.0053 0.9041 0.9248
1997 0.9195 0.0053 0.9091 0.9298
1998 0.9077 0.0050 0.8979 0.9175
1999 0.9224 0.0046 0.9132 0.9315
2000 0.9272 0.0048 0.9178 0.9366
2001 0.9105 0.0062 0.8984 0.9225
2002 0.9178 0.0059 0.9062 0.9294
2003 0.9315 0.0056 0.9205 0.9424
2004 0.9475 0.0052 0.9373 0.9576
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Table A.4:  DEA Results. Average Output Oriented Technical Efficiency, Sample 1. 
Operator Labor in the Input Set       
        
Year   Mean   Standard Error  95% Confidence Interval 
1993 0.9249 0.0045 0.9160 0.9338
1994 0.9198 0.0048 0.9103 0.9292
1995 0.9031 0.0058 0.8918 0.9145
1996 0.9056 0.0060 0.8937 0.9174
1997 0.9042 0.0062 0.8921 0.9163
1998 0.8925 0.0056 0.8816 0.9035
1999 0.9069 0.0054 0.8964 0.9174
2000 0.9226 0.0052 0.9123 0.9329
2001 0.9064 0.0070 0.8928 0.9201
2002 0.9120 0.0066 0.8991 0.9250
2003 0.9213 0.0064 0.9087 0.9339
2004 0.9354 0.0061 0.9235 0.9473
Operator Value of Labor and Management in the Input Set 
        
Year   Mean   Standard Error  95% Confidence Interval 
1993 0.9260 0.0044 0.9174 0.9345
1994 0.9223 0.0048 0.9128 0.9318
1995 0.9081 0.0056 0.8971 0.9191
1996 0.9076 0.0057 0.8964 0.9188
1997 0.9125 0.0058 0.9012 0.9238
1998 0.9019 0.0054 0.8914 0.9125
1999 0.9183 0.0050 0.9086 0.9281
2000 0.9227 0.0051 0.9126 0.9328
2001 0.9028 0.0070 0.8892 0.9165
2002 0.9120 0.0064 0.8993 0.9246
2003 0.9257 0.0062 0.9135 0.9379
2004 0.9416 0.0058 0.9302 0.9530
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Table A.5: DEA Results: Average Input Oriented Technical Efficiency, Sample 2. 
Operator Labor in the Input Set 
       
Year   Mean   Standard Error  95% Confidence Interval 
1994 0.9420 0.0042 0.9338  0.9502
1995 0.9243 0.0054 0.9137  0.9350
1996 0.9329 0.0052 0.9226  0.9432
1997 0.9236 0.0058 0.9122  0.9350
1998 0.9242 0.0054 0.9136  0.9348
1999 0.9203 0.0054 0.9097  0.9309
2000 0.9379 0.0048 0.9285  0.9474
2001 0.9459 0.0050 0.9361  0.9558
2002 0.9450 0.0058 0.9337  0.9563
2003 0.9448 0.0057 0.9337  0.9559
2004 0.9492 0.0058 0.9379  0.9605
       
Net Farm Income from the Previous Year in the Input Set    
       
Year   Mean   Standard Error  95% Confidence Interval 
1994 0.9467 0.0042 0.9385  0.9549
1995 0.9285 0.0057 0.9173  0.9397
1996 0.9485 0.0046 0.9395  0.9574
1997 0.9385 0.0050 0.9288  0.9482
1998 0.9344 0.0053 0.9240  0.9448
1999 0.9433 0.0044 0.9347  0.9518
2000 0.9495 0.0045 0.9408  0.9582
2001 0.9478 0.0049 0.9383  0.9573
2002 0.9479 0.0055 0.9371  0.9586
2003 0.9574 0.0053 0.9471  0.9677
2004 0.9606 0.0049 0.9509  0.9703
 
 
 
 
 
 
 
 
 
  
 104
 
 
 
 
 
Table A.6: DEA Results.  Average Output Oriented Technical Efficiency, Sample 2. 
Operator Labor in the Input Set 
       
Year   Mean   Standard Error  95% Confidence Interval 
1994 0.9311 0.0049 0.9215  0.9407
1995 0.9097 0.0066 0.8968  0.9226
1996 0.9205 0.0063 0.9083  0.9328
1997 0.9116 0.0067 0.8985  0.9248
1998 0.9121 0.0062 0.8999  0.9243
1999 0.9108 0.0059 0.8991  0.9224
2000 0.9319 0.0053 0.9214  0.9423
2001 0.9397 0.0057 0.9286  0.9509
2002 0.9391 0.0067 0.9259  0.9523
2003 0.9376 0.0065 0.9248  0.9505
2004 0.9406 0.0067 0.9274  0.9538
       
Net Farm Income from the Previous Year in the Input Set    
       
Year   Mean   Standard Error  95% Confidence Interval 
1994 0.9462 0.0042 0.9380  0.9546
1995 0.9250 0.0060 0.9132  0.9369
1996 0.9473 0.0047 0.9379  0.9567
1997 0.9356 0.0052 0.9253  0.9459
1998 0.9331 0.0054 0.9225  0.9438
1999 0.9424 0.0045 0.9336  0.9513
2000 0.9494 0.0044 0.9407  0.9582
2001 0.9452 0.0050 0.9353  0.9553
2002 0.9465 0.0057 0.9352  0.9579
2003 0.9567 0.0054 0.9461  0.9673
2004 0.9585 0.0053 0.9481  0.9690
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Table A.7: DEA Results.  Average Cost Efficiencies, Sample 1. 
Operator Labor in the Input Set 
       
Year   Mean   Standard Error  95% Confidence Interval 
1993 0.8039 0.0046 0.7950  0.8128
1994 0.8163 0.0049 0.8067  0.8260
1995 0.7856 0.0057 0.7745  0.7966
1996 0.7912 0.0058 0.7798  0.8026
1997 0.7956 0.0062 0.7835  0.8078
1998 0.7761 0.0055 0.7653  0.7870
1999 0.7572 0.0061 0.7452  0.7692
2000 0.7741 0.0058 0.7628  0.7855
2001 0.7664 0.0071 0.7524  0.7804
2002 0.7896 0.0071 0.7757  0.8034
2003 0.8132 0.0070 0.7995  0.8268
2004 0.8377 0.0061 0.8256  0.8497
Operator Value of Labor and Management in the Input Set    
       
Year   Mean   Standard Error  95% Confidence Interval 
1993 0.8122 0.0047 0.8030  0.8215
1994 0.8071 0.0050 0.7974  0.8168
1995 0.8057 0.0053 0.7952  0.8162
1996 0.8064 0.0056 0.7954  0.8175
1997 0.8024 0.0060 0.7906  0.8143
1998 0.7908 0.0053 0.7805  0.8011
1999 0.7847 0.0056 0.7738  0.7956
2000 0.7737 0.0057 0.7625  0.7850
2001 0.7582 0.0071 0.7442  0.7722
2002 0.7825 0.0070 0.7688  0.7961
2003 0.8050 0.0073 0.7907  0.8192
2004 0.8326 0.0062 0.8205  0.8446
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Table A.8: DEA Results. Average Allocative (Cost) Efficiency, Sample1 
Operator Labor in the Input Set 
       
Year   Mean   Standard Error  95% Confidence Interval 
1993 0.8580 0.0036 0.8509  0.8651
1994 0.8771 0.0040 0.8693  0.8848
1995 0.8567 0.0046 0.8477  0.8657
1996 0.8647 0.0044 0.8561  0.8733
1997 0.8697 0.0047 0.8604  0.8789
1998 0.8577 0.0045 0.8489  0.8665
1999 0.8266 0.0054 0.8160  0.8371
2000 0.8325 0.0051 0.8225  0.8425
2001 0.8354 0.0054 0.8248  0.8459
2002 0.8586 0.0054 0.8479  0.8693
2003 0.8727 0.0058 0.8614  0.8840
2004 0.8905 0.0043 0.8820  0.8990
       
Operator Value of Labor and Management in the Input Set    
       
Year   Mean   Standard Error  95% Confidence Interval 
1993 0.8718 0.0039 0.8642  0.8794
1994 0.8712 0.0040 0.8634  0.8790
1995 0.8819 0.0040 0.8741  0.8897
1996 0.8833 0.0043 0.8749  0.8916
1997 0.8712 0.0054 0.8605  0.8818
1998 0.8729 0.0042 0.8647  0.8811
1999 0.8520 0.0048 0.8426  0.8614
2000 0.8359 0.0052 0.8257  0.8460
2001 0.8337 0.0058 0.8224  0.8451
2002 0.8530 0.0053 0.8427  0.8633
2003 0.8652 0.0064 0.8527  0.8778
2004 0.8793 0.0049 0.8698  0.8889
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Table A.9: DEA Results. Average Cost Efficiency, Sample 2. 
Operator Labor in the Input Set 
       
Year   Mean   Standard Error  95% Confidence Interval 
1994 0.8248 0.0054 0.8142  0.8355
1995 0.7948 0.0067 0.7817  0.8079
1996 0.8071 0.0065 0.7943  0.8199
1997 0.8012 0.0069 0.7878  0.8147
1998 0.7858 0.0066 0.7728  0.7988
1999 0.7684 0.0068 0.7550  0.7817
2000 0.7835 0.0062 0.7714  0.7955
2001 0.8438 0.0068 0.8305  0.8571
2002 0.8410 0.0078 0.8257  0.8563
2003 0.8378 0.0076 0.8229  0.8528
2004 0.8429 0.0070 0.8291  0.8567
       
Net Farm Income from the Previous Year in the Input Set    
       
Year   Mean   Standard Error  95% Confidence Interval 
1994 0.8375 0.0054 0.8270  0.8480
1995 0.8264 0.0062 0.8143  0.8386
1996 0.8302 0.0060 0.8184  0.8420
1997 0.8168 0.0067 0.8037  0.8299
1998 0.8338 0.0061 0.8219  0.8458
1999 0.8267 0.0053 0.8164  0.8371
2000 0.8302 0.0059 0.8188  0.8417
2001 0.8294 0.0068 0.8160  0.8429
2002 0.7963 0.0084 0.7798  0.8128
2003 0.7984 0.0084 0.7820  0.8148
2004 0.8353 0.0072 0.8211  0.8494
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Table A.10: DEA Results. Average Allocative (Cost) Efficiency Sample 2 
Operator Labor in the Input Set 
       
Year   Mean   Standard Error  95% Confidence Interval 
1994 0.8761 0.0045 0.8673  0.8848
1995 0.8607 0.0055 0.8499  0.8715
1996 0.8653 0.0050 0.8555  0.8751
1997 0.8679 0.0051 0.8579  0.8779
1998 0.8513 0.0057 0.8402  0.8624
1999 0.8360 0.0060 0.8243  0.8477
2000 0.8363 0.0054 0.8257  0.8469
2001 0.8917 0.0050 0.8819  0.9014
2002 0.8897 0.0059 0.8781  0.9013
2003 0.8869 0.0061 0.8750  0.8988
2004 0.8881 0.0051 0.8781  0.8981
       
Net Farm Income from the Previous Year in the Input Set    
       
Year   Mean   Standard Error  95% Confidence Interval 
1994 0.8375 0.0054 0.8270  0.8480
1995 0.8264 0.0062 0.8143  0.8386
1996 0.8302 0.0060 0.8184  0.8420
1997 0.8168 0.0067 0.8037  0.8299
1998 0.8338 0.0061 0.8219  0.8458
1999 0.8267 0.0053 0.8164  0.8371
2000 0.8302 0.0059 0.8188  0.8417
2001 0.8294 0.0068 0.8160  0.8429
2002 0.7963 0.0084 0.7798  0.8128
2003 0.7984 0.0084 0.7820  0.8148
2004 0.8353 0.0072 0.8211  0.8494
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Table A.11: DEA Results. Average Revenue Efficiency, Sample 1 
Operator Labor in the Input Set 
       
Year   Mean   Standard Error  95% Confidence Interval 
1993 0.8981 0.0052 0.8879  0.9084
1994 0.8929 0.0054 0.8823  0.9035
1995 0.8709 0.0064 0.8583  0.8835
1996 0.8769 0.0067 0.8638  0.8901
1997 0.8753 0.0069 0.8617  0.8888
1998 0.8659 0.0062 0.8538  0.8781
1999 0.8809 0.0058 0.8696  0.8923
2000 0.8874 0.0066 0.8745  0.9003
2001 0.8817 0.0079 0.8662  0.8971
2002 0.8871 0.0074 0.8727  0.9015
2003 0.9027 0.0075 0.8879  0.9174
2004 0.9145 0.0068 0.9012  0.9278
       
Operator Value of Labor and Management in the Input Set    
       
Year   Mean   Standard Error  95% Confidence Interval 
1993 0.8988 0.0051 0.8888  0.9088
1994 0.8998 0.0054 0.8892  0.9103
1995 0.8786 0.0062 0.8665  0.8908
1996 0.8808 0.0064 0.8683  0.8933
1997 0.8843 0.0065 0.8715  0.8971
1998 0.8774 0.0059 0.8659  0.8890
1999 0.8943 0.0054 0.8837  0.9048
2000 0.8868 0.0065 0.8741  0.8995
2001 0.8751 0.0079 0.8597  0.8905
2002 0.8860 0.0071 0.8720  0.9000
2003 0.9077 0.0071 0.8938  0.9215
2004 0.9228 0.0065 0.9100  0.9357
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Table A.12: DEA Results. Average Revenue Efficiency, Sample 2 
Operator Labor in the Input Set 
       
Year   Mean   Standard Error  95% Confidence Interval 
1994 0.9035 0.0057 0.8923  0.9147
1995 0.8810 0.0074 0.8665  0.8955
1996 0.8948 0.0072 0.8806  0.9090
1997 0.8837 0.0076 0.8688  0.8985
1998 0.8848 0.0070 0.8711  0.8986
1999 0.8875 0.0064 0.8750  0.9001
2000 0.9004 0.0068 0.8870  0.9138
2001 0.9185 0.0065 0.9057  0.9313
2002 0.9130 0.0077 0.8978  0.9281
2003 0.9182 0.0078 0.9028  0.9335
2004 0.9201 0.0077 0.9051  0.9352
       
Net Farm Income from the Previous Year in the Input Set    
       
Year   Mean   Standard Error  95% Confidence Interval 
1994 0.9227 0.0053 0.9124  0.9331
1995 0.8984 0.0069 0.8850  0.9119
1996 0.9219 0.0058 0.9105  0.9333
1997 0.8994 0.0066 0.8865  0.9123
1998 0.9060 0.0063 0.8937  0.9183
1999 0.9250 0.0050 0.9152  0.9347
2000 0.9213 0.0060 0.9095  0.9332
2001 0.9262 0.0060 0.9145  0.9380
2002 0.9160 0.0073 0.9018  0.9303
2003 0.9411 0.0065 0.9284  0.9538
2004 0.9440 0.0063 0.9316  0.9565
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Table A.13:  DEA Results. Average Allocative (Revenue) Efficiency, Sample 1 
Operator Labor in the Input Set 
       
Year   Mean   Standard Error  95% Confidence Interval 
1993 0.9701 0.0021 0.9659  0.9743
1994 0.9701 0.0022 0.9659  0.9744
1995 0.9634 0.0026 0.9583  0.9684
1996 0.9673 0.0026 0.9622  0.9724
1997 0.9668 0.0026 0.9617  0.9718
1998 0.9690 0.0021 0.9649  0.9731
1999 0.9709 0.0022 0.9666  0.9753
2000 0.9600 0.0033 0.9535  0.9664
2001 0.9709 0.0027 0.9656  0.9762
2002 0.9717 0.0027 0.9665  0.9769
2003 0.9782 0.0029 0.9725  0.9840
2004 0.9769 0.0025 0.9720  0.9818
       
Operator Value of Labor and Management in the Input Set    
       
Year   Mean   Standard Error  95% Confidence Interval 
1993 0.9696 0.0020 0.9656  0.9736
1994 0.9749 0.0020 0.9710  0.9788
1995 0.9666 0.0024 0.9620  0.9713
1996 0.9696 0.0025 0.9647  0.9744
1997 0.9679 0.0026 0.9629  0.9730
1998 0.9720 0.0020 0.9680  0.9759
1999 0.9734 0.0020 0.9694  0.9774
2000 0.9594 0.0033 0.9529  0.9660
2001 0.9676 0.0028 0.9621  0.9731
2002 0.9708 0.0026 0.9656  0.9759
2003 0.9796 0.0026 0.9744  0.9847
2004 0.9794 0.0024 0.9747  0.9840
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Table A.14:  DEA Results. Average Allocative (Revenue) Efficiency, Sample 2 
Operator Labor in the Input Set 
       
Year   Mean   Standard Error  95% Confidence Interval 
1994 0.9696 0.0024 0.9649  0.9743
1995 0.9671 0.0027 0.9618  0.9725
1996 0.9706 0.0028 0.9651  0.9761
1997 0.9680 0.0029 0.9623  0.9737
1998 0.9690 0.0025 0.9641  0.9740
1999 0.9741 0.0023 0.9696  0.9787
2000 0.9647 0.0034 0.9581  0.9713
2001 0.9769 0.0029 0.9713  0.9826
2002 0.9716 0.0035 0.9647  0.9785
2003 0.9781 0.0034 0.9714  0.9847
2004 0.9773 0.0029 0.9717  0.9830
       
Net Farm Income from the Previous Year in the Input Set    
       
Year   Mean   Standard Error  95% Confidence Interval 
1994 0.9741 0.0023 0.9696  0.9785
1995 0.9702 0.0027 0.9649  0.9755
1996 0.9723 0.0028 0.9669  0.9777
1997 0.9601 0.0034 0.9534  0.9667
1998 0.9701 0.0026 0.9650  0.9752
1999 0.9812 0.0018 0.9776  0.9847
2000 0.9692 0.0033 0.9627  0.9756
2001 0.9792 0.0025 0.9743  0.9840
2002 0.9667 0.0036 0.9596  0.9737
2003 0.9829 0.0025 0.9780  0.9878
2004 0.9840 0.0021 0.9797  0.9882
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Table A.15: Output Distance Function Results Model 1 
Output Distance Function, Truncated Normal Conditional Mean 
Number of Observations  3351     
Log Likelihood  2628.251       
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  -0.0938  0.0607  -1.55
Hired Labor  0.0870  0.0362  2.41
Purchased Feed  0.1594  0.0838  1.90
Livestock 0.1248  0.0948  1.32
Capital -0.4317  0.1084  -3.98
Crops 0.1857  0.0591  3.14
(Operator Labor)
2 -0.0102  0.0111  -0.92
(Operator Labor)*(Hired Labor)  -0.0323  0.0067  -4.83
(Operator Labor)*(Purchased Feed)  -0.0319  0.0143  -2.23
(Operator Labor)*(Livestock)  0.0408  0.0162  2.52
(Operator Labor)*(Capital)  0.0354  0.0169  2.09
(Operator Labor)*(Crops)  0.0074  0.0106  0.70
(Hired Labor)
2 0.0219  0.0042  5.28
(Hired Labor)*(Purchased Feed)  -0.0071  0.0057  -1.26
(Hired Labor)*(Livestock)  0.0100  0.0074  1.35
(Hired Labor)*(Capital)  -0.0012  0.0072  -0.17
(Hired Labor)*(Crops)  0.0062  0.0041  1.50
(Purchased Feed)
2 0.1175  0.0187  6.27
(Purchased Feed)*(Livestock)  0.0267  0.0213  1.25
(Purchased Feed)*(Capital)  -0.0423  0.0214  -1.97
(Purchased Feed)*(Crops)  -0.0603  0.0121  -5.00
(Livestock)
2 -0.1325  0.0327  -4.05
(Livestock)*(Capital) 0.0433  0.0270  1.60
(Livestock)*(Crops) 0.0326  0.0144  2.27
(Capital)
2 0.0736  0.0369  1.99
(Capital)*(Crops) -0.0239  0.0138  -1.73
(Crops)
2 0.0369  0.0072  5.10
Other Output  (Normalized by Milk Output)  -0.0891 0.0226  -3.94
(Other Output)
2 -0.0114  0.0013  -8.99
(Other Output)*(Operator Labor)  0.0116  0.0042  2.73
(Other Output)*(Hired Labor)  0.0026  0.0015  1.78
(Other Output)*(Purchased Feed)  0.0093  0.0044  2.11
(Other Output)*(Livestock)  -0.0282  0.0064  -4.41
(Other Output)*(Capital)  -0.0001  0.0057  -0.01
(Other Output)*(Crops)  0.0047  0.0032  1.50
Output Dummy  0.0022  0.0385  0.06
Hired Labor Dummy  -0.1678  0.0400  -4.20
Crops Dummy  0.0960  0.1115  0.86
Time (1993 = 1)  0.0036 0.0008  4.53
Constant 5.5788  0.3117  17.90 
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Table A.15 (continued) 
Efficiency Term        
Variable  Coef  Std Err   Z 
       Operator Value of Labor and 
Management per Cow  -0.0917 0.0084 -10.97
    
Age 0.0633 0.0153  4.12
    
Education -0.1545 0.0202  -7.63
    
Cows  -0.3302 0.0140 -23.61
    
Milking Frequency  -0.0033 0.0085  -0.39
    
DFBS Participation at least 4 years  -0.0241 0.0063  -3.81
    
DFBS Participation at least 7 years  -0.0277 0.0083  -3.35
    
DFBS Participation at least 10 years  0.0078 0.0123  0.63
    
Constant  2.0993 0.1116 18.80
          
σ
2
u     0.0101 0.0006  15.85
          
σ
2
v     0.0053 0.0004  13.24
          
γ     0.6563 0.0281  23.37
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Table A.16. Output Distance Function Results Model 2 
Output Distance Function, Truncated Normal Conditional Mean 
Number of Observations  3351     
Log Likelihood  2345.029       
Production Function      
Variable  Coef  Std Err   Z 
Operator Labor  0.1613  0.0603 2.67
Hired Labor  0.0687  0.0400 1.72
Purchased Feed  0.3472  0.0911 3.81
Livestock 0.3708  0.1036 3.58
Capital 0.0414  0.1168 0.35
Crops 0.1314  0.0631 2.08
(Operator Labor)
2 -0.0054  0.0111 -0.49
(Operator Labor)*(Hired Labor)  -0.0370  0.0072 -5.11
(Operator Labor)*(Purchased Feed)  -0.0446  0.0155 -2.89
(Operator Labor)*(Livestock)  0.0301  0.0176 1.71
(Operator Labor)*(Capital)  0.0295  0.0186 1.59
(Operator Labor)*(Crops)  0.0096  0.0115 0.83
(Hired Labor)
2 0.0191  0.0046 4.15
(Hired Labor)*(Purchased Feed)  -0.0026  0.0058 -0.45
(Hired Labor)*(Livestock)  0.0112  0.0077 1.46
(Hired Labor)*(Capital)  0.0036  0.0077 0.46
(Hired Labor)*(Crops)  0.0047  0.0046 1.04
(Purchased Feed)
2 0.1639  0.0201 8.16
(Purchased Feed)*(Livestock)  -0.0151  0.0229 -0.66
(Purchased Feed)*(Capital)  -0.0687  0.0237 -2.9
(Purchased Feed)*(Crops)  -0.0522  0.0133 -3.93
(Livestock)
2 -0.1232  0.0355 -3.47
(Livestock)*(Capital) 0.0640  0.0293 2.18
(Livestock)*(Crops) 0.0193  0.0153 1.26
(Capital)
2 0.0115  0.0397 0.29
(Capital)*(Crops) -0.0085  0.0143 -0.59
(Crops)
2 0.0334  0.0069 4.82
Other Output  (Normalized by Milk Output)  -0.0980 0.0250 -3.92
(Other Output)
2 -0.0115  0.0013 -8.53
(Other Output)*(Operator Labor)  0.0094  0.0045 2.07
(Other Output)*(Hired Labor)  0.0010  0.0016 0.66
(Other Output)*(Purchased Feed)  0.0097  0.0049 1.99
(Other Output)*(Livestock)  -0.0213  0.0070 -3.07
(Other Output)*(Capital)  -0.0016  0.0060 -0.26
(Other Output)*(Crops)  0.0027  0.0033 0.81
Output Dummy  0.0040  0.0405 0.1
Hired Labor Dummy  -0.1137  0.0463 -2.46
Crops Dummy  0.1976  0.1182 1.67
Time (1993 = 1)  0.0046 0.0008 6
Constant 1.0229  0.2482 4.12
  
 116
 
 
 
 
Table A.16 (continued) 
Efficiency Term        
Variable  Coef  Std Err   Z 
       Operator Value of Labor and 
Management per Cow  0.2264 0.1295 1.75
    
Age 0.5388 0.3309  1.63
    
Education -1.2396 0.6849  -1.81
    
Milking Frequency  -0.6176 0.4143  -1.49
    
DFBS Participation at least 4 years  -0.1461 0.1025 -1.43
    
DFBS Participation at least 7 years  -0.1384 0.1281  -1.08
    
DFBS Participation at least 10 years  0.1334 0.1564  0.85
    
Constant  0.2521 0.7974 0.32
          
σ
2
u     0.0893 0.0522  1.71
          
σ
2
v     0.0087 0.0005  16.57
          
γ     0.9117 0.0450  20.25
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Table A.17: Output Distance Function Results Model 3 
Output Distance Function, Truncated Normal Time Invariant    
Number of Observations  3375    
Log Likelihood  2345.029      
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  0.0715 0.0635  1.13
Hired Labor  0.0337 0.0355  0.95
Purchased Feed  0.2370 0.0894  2.65
Livestock 0.4520 0.1009  4.48
Capital 0.0566 0.1179  0.48
Crops 0.1752 0.0667  2.63
(Operator Labor)
2 0.0144 0.0105  1.38
(Operator Labor)*(Hired Labor)  -0.0204 0.0063  -3.26
(Operator Labor)*(Purchased Feed)  -0.0295 0.0147  -2.01
(Operator Labor)*(Livestock)  0.0035 0.0169  0.21
(Operator Labor)*(Capital)  0.0260 0.0189  1.37
(Operator Labor)*(Crops)  0.0073 0.0111  0.66
(Hired Labor)
2 0.0218 0.0038  5.71
(Hired Labor)*(Purchased Feed)  -0.0085 0.0052  -1.63
(Hired Labor)*(Livestock)  0.0080 0.0066  1.23
(Hired Labor)*(Capital)  0.0030 0.0065  0.47
(Hired Labor)*(Crops)  0.0033 0.0038  0.88
(Purchased Feed)
2 0.1672 0.0185  9.06
(Purchased Feed)*(Livestock)  -0.0002 0.0202  -0.01
(Purchased Feed)*(Capital)  -0.0942 0.0207  -4.54
(Purchased Feed)*(Crops)  -0.0281 0.0117  -2.4
(Livestock)
2 -0.1411 0.0302  -4.67
(Livestock)*(Capital) 0.0795 0.0259  3.07
(Livestock)*(Crops) 0.0168 0.0136  1.23
(Capital)
2 0.0433 0.0363  1.19
(Capital)*(Crops) -0.0367 0.0134  -2.74
(Crops)
2 0.0357 0.0063  5.68
Other Output  (Normalized by Milk Output)  -0.0680 0.0199 -3.42
(Other Output)
2 -0.0090 0.0010  -8.57
(Other Output)*(Operator Labor)  0.0115 0.0036  3.18
(Other Output)*(Hired Labor)  0.0019 0.0012  1.64
(Other Output)*(Purchased Feed)  0.0101 0.0036  2.81
(Other Output)*(Livestock)  -0.0217 0.0052  -4.17
(Other Output)*(Capital)  -0.0024 0.0045  -0.53
(Other Output)*(Crops)  -0.0006 0.0026  -0.25
Output Dummy  0.0282 0.0297  0.95
Hired Labor Dummy  -0.0971 0.0346  -2.81
Crops Dummy  0.0728 0.1090  0.67
Time (1993 = 1)  0.0053 0.0006 9.02
Constant 1.4307 0.2961  4.83 
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Table A.17 (continued) 
Efficiency Term      
Variable  Estimate  Std Err   Z 
µ  0.0690 0.0541 1.27
σ
2
u  0.0296 0.0074 3.98
σ
2
v  0.0067 0.0002 35.23
γ  0.8149 0.0381 21.41
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Table A.18: Output Distance Function Results Model 4 
OLS          
Number of Observations  3375    
R
2  0.9848      
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  0.1741 0.0659  2.64
Hired Labor  0.0970 0.0379  2.56
Purchased Feed  0.3416 0.0955  3.58
Livestock 0.4223 0.1113  3.79
Capital 0.0495 0.1236  0.4
Crops 0.0948 0.0666  1.42
(Operator Labor)
2 -0.0134 0.0123  -1.09
(Operator Labor)*(Hired Labor)  -0.0378 0.0069  -5.46
(Operator Labor)*(Purchased Feed)  -0.0372 0.0163  -2.28
(Operator Labor)*(Livestock)  0.0251 0.0192  1.31
(Operator Labor)*(Capital)  0.0336 0.0199  1.69
(Operator Labor)*(Crops)  0.0074 0.0119  0.62
(Hired Labor)
2 0.0146 0.0044  3.33
(Hired Labor)*(Purchased Feed)  -0.0055 0.0059  -0.92
(Hired Labor)*(Livestock)  0.0093 0.0077  1.21
(Hired Labor)*(Capital)  0.0084 0.0075  1.13
(Hired Labor)*(Crops)  0.0038 0.0043  0.89
(Purchased Feed)
2 0.1621 0.0193  8.39
(Purchased Feed)*(Livestock)  -0.0017 0.0229  -0.07
(Purchased Feed)*(Capital)  -0.0719 0.0231  -3.12
(Purchased Feed)*(Crops)  -0.0626 0.0129  -4.84
(Livestock)
2 -0.1481 0.0371  -4.00
(Livestock)*(Capital) 0.0631 0.0301  2.09
(Livestock)*(Crops) 0.0310 0.0157  1.98
(Capital)
2 0.0016 0.0399  0.04
(Capital)*(Crops) 0.0000 0.0148  0.00
(Crops)
2 0.0326 0.0077  4.25
Other Output  (Normalized by Milk Output)  -0.1123 0.0270 -4.16
(Other Output)
2 -0.0126 0.0014  -8.93
(Other Output)*(Operator Labor)  0.0138 0.0048  2.87
(Other Output)*(Hired Labor)  0.0028 0.0015  1.93
(Other Output)*(Purchased Feed)  0.0074 0.0046  1.61
(Other Output)*(Livestock)  -0.0284 0.0068  -4.18
(Other Output)*(Capital)  0.0012 0.0062  0.19
(Other Output)*(Crops)  0.0054 0.0035  1.54
Output Dummy  0.0058 0.0403  0.14
Hired Labor Dummy  -0.0947 0.0417  -2.27
Crops Dummy  0.1893 0.1145  1.65
Time (1993 = 1)  0.0045 0.0007 6.44
Constant 0.6626 0.2714  2.44 
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Table A.19: Output Distance Function Results Model 5 
Output Distance Function, Truncated Normal Conditional Mean 
Number of Observations  2358     
Log Likelihood  2272.409       
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  -0.0136  0.0608  -0.22
Hired Labor  0.0357  0.0364  0.98
Purchased Feed  0.1710  0.0878  1.95
Livestock 0.2358  0.0995  2.37
Capital -0.3229  0.1098  -2.94
Crops 0.1634  0.0601  2.72
(Operator Labor)
2 -0.0061  0.0114  -0.53
(Operator Labor)*(Hired Labor)  -0.0343  0.0069  -4.99
(Operator Labor)*(Purchased Feed)  -0.0365  0.0153  -2.4
(Operator Labor)*(Livestock)  0.0257  0.0172  1.5
(Operator Labor)*(Capital)  0.0452  0.0171  2.64
(Operator Labor)*(Crops)  0.0092  0.0109  0.84
(Hired Labor)
2 0.0098  0.0045  2.19
(Hired Labor)*(Purchased Feed)  0.0035  0.0064  0.54
(Hired Labor)*(Livestock)  0.0107  0.0089  1.2
(Hired Labor)*(Capital)  0.0044  0.0073  0.6
(Hired Labor)*(Crops)  0.0072  0.0045  1.61
(Purchased Feed)
2 0.1414  0.0236  5.99
(Purchased Feed)*(Livestock)  0.0028  0.0246  0.11
(Purchased Feed)*(Capital)  -0.0574  0.0239  -2.4
(Purchased Feed)*(Crops)  -0.0537  0.0130  -4.13
(Livestock)
2 -0.1189  0.0358  -3.32
(Livestock)*(Capital) 0.0582  0.0287  2.02
(Livestock)*(Crops) 0.0304  0.0150  2.03
(Capital)
2 0.0531  0.0381  1.4
(Capital)*(Crops) -0.0308  0.0141  -2.19
(Crops)
2 0.0390  0.0068  5.75
Other Output  (Normalized by Milk Output)  -0.1176 0.0220 -5.34
(Other Output)
2 -0.0123  0.0012  -10.00
(Other Output)*(Operator Labor)  0.0121  0.0043  2.84
(Other Output)*(Hired Labor)  0.0010  0.0015  0.68
(Other Output)*(Purchased Feed)  0.0075  0.0048  1.55
(Other Output)*(Livestock)  -0.0088  0.0065  -1.35
(Other Output)*(Capital)  -0.0105  0.0056  -1.89
(Other Output)*(Crops)  0.0005  0.0032  0.14
Output Dummy  0.0686  0.0371  1.85
Hired Labor Dummy  -0.0718  0.0416  -1.73
Time (1993 = 1)  0.0019 0.0009  2.06
Constant 4.5611  0.2915  15.65
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Table A.19 (continued) 
Efficiency Term        
Variable  Coef  Std Err   Z 
       Net Farm Income per Cow from the 
Previous Year  -0.0351 0.0013 -26.75
    
Age 0.0512 0.0162  3.16
    
Education -0.1797 0.0207  -8.66
    
Cows  -0.2415 0.0122 -19.75
    
Milking Frequency  -0.0114 0.0082  -1.38
    
DFBS Participation at least 4 years  -0.0054 0.0066  -0.82
    
DFBS Participation at least 7 years  -0.0011 0.0074  -0.15
    
DFBS Participation at least 10 years  -0.0317 0.0107  -2.96
    
Net Farm Income Dummy  -0.0076 0.0085 -0.9
    
Constant 1.7053 0.1135  15.02
          
σ
2
u     0.0058 0.0005  10.76
          
σ
2
v     0.0046 0.0004  12.32
          
γ     0.5598 0.0400  14.01
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Table A.20: Output Distance Function Results Model 6 
Output Distance Function, Truncated Normal Conditional Mean 
Number of Observations  2358     
Log Likelihood  2032.682       
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  -0.0303  0.0689 -0.44
Hired Labor  0.0534  0.0381 1.40
Purchased Feed  0.4075  0.0958 4.25
Livestock 0.2695  0.1119 2.41
Capital 0.0449  0.1218 0.37
Crops 0.2022  0.0658 3.07
(Operator Labor)
2 0.0046  0.0127 0.36
(Operator Labor)*(Hired Labor)  -0.0398  0.0071 -5.57
(Operator Labor)*(Purchased Feed)  -0.0324  0.0166 -1.95
(Operator Labor)*(Livestock)  0.0194  0.0194 1.00
(Operator Labor)*(Capital)  0.0552  0.0195 2.83
(Operator Labor)*(Crops)  -0.0006  0.0121 -0.05
(Hired Labor)
2 0.0089  0.0046 1.91
(Hired Labor)*(Purchased Feed)  0.0047  0.0066 0.71
(Hired Labor)*(Livestock)  0.0064  0.0092 0.70
(Hired Labor)*(Capital)  0.0116  0.0075 1.55
(Hired Labor)*(Crops)  0.0069  0.0046 1.50
(Purchased Feed)
2 0.1953  0.0245 7.98
(Purchased Feed)*(Livestock)  -0.0326  0.0257 -1.27
(Purchased Feed)*(Capital)  -0.1073  0.0252 -4.26
(Purchased Feed)*(Crops)  -0.0517  0.0137 -3.78
(Livestock)
2 -0.1152  0.0393 -2.93
(Livestock)*(Capital) 0.1089  0.0313 3.48
(Livestock)*(Crops) 0.0143  0.0159 0.90
(Capital)
2 -0.0173  0.0406 -0.43
(Capital)*(Crops) -0.0132  0.0149 -0.89
(Crops)
2 0.0384  0.0071 5.40
Other Output  (Normalized by Milk Output)  -0.1353 0.0249 -5.43
(Other Output)
2 -0.0128  0.0013 -9.72
(Other Output)*(Operator Labor)  0.0143  0.0046 3.13
(Other Output)*(Hired Labor)  0.0011  0.0015 0.73
(Other Output)*(Purchased Feed)  0.0071  0.0050 1.43
(Other Output)*(Livestock)  -0.0101  0.0067 -1.50
(Other Output)*(Capital)  -0.0093  0.0058 -1.59
(Other Output)*(Crops)  0.0004  0.0033 0.11
Output Dummy  0.0604  0.0380 1.59
Hired Labor Dummy  -0.0329  0.0423 -0.78
Time (1993 = 1)  0.0004 0.0012 0.31
Constant 1.6161  5.9846 0.27
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Table A.20 (continued) 
Efficiency Term        
Variable  Coef  Std Err   Z 
     Net Farm Income per Cow from the 
Previous Year  -0.0311 0.0011 -28.17
    
Age 0.0596 0.0139  4.27
    
Education -0.1041 0.0175  -5.94
    
Milking Frequency  -0.0034 0.0064  -0.54
    
DFBS Participation at least 4 years  -0.0123 0.0061 -2.02
    
DFBS Participation at least 7 years  -0.0025 0.0062  -0.41
    
DFBS Participation at least 10 years  -0.0410 0.0082  -4.99
    
Net Farm Income Dummy  -0.0063 0.0071 -0.89
    
Constant  0.2989 5.9790 0.05
          
σ
2
u     0.0006 0.0680  0.01
          
σ
2
v     0.0098 0.0680  0.14
          
γ     0.0577 6.5104  0.01
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Table A.21: Output Distance Function Results Model 7 
Output Distance Function, Heteroscedastic Normal/Half-Normal Model 
Number of Observations  3351     
Log Likelihood  2534.067       
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  0.0138  0.0681 0.20
Hired Labor  0.0408  0.0400 1.02
Purchased Feed  0.2884  0.0910 3.17
Livestock 0.2636  0.1006 2.62
Capital 0.0346  0.1148 0.30
Crops 0.1345  0.0649 2.07
(Operator Labor)
2 0.0015  0.0120 0.12
(Operator Labor)*(Hired Labor)  -0.0320  0.0072 -4.45
(Operator Labor)*(Purchased Feed)  -0.0384  0.0149 -2.58
(Operator Labor)*(Livestock)  0.0368  0.0167 2.21
(Operator Labor)*(Capital)  0.0207  0.0173 1.20
(Operator Labor)*(Crops)  0.0144  0.0111 1.30
(Hired Labor)
2 0.0201  0.0046 4.38
(Hired Labor)*(Purchased Feed)  -0.0066  0.0061 -1.09
(Hired Labor)*(Livestock)  0.0165  0.0081 2.05
(Hired Labor)*(Capital)  0.0007  0.0081 0.08
(Hired Labor)*(Crops)  0.0067  0.0047 1.43
(Purchased Feed)
2 0.1700  0.0222 7.67
(Purchased Feed)*(Livestock)  -0.0162  0.0235 -0.69
(Purchased Feed)*(Capital)  -0.0652  0.0231 -2.82
(Purchased Feed)*(Crops)  -0.0551  0.0131 -4.20
(Livestock)
2 -0.1091  0.0342 -3.19
(Livestock)*(Capital) 0.0572  0.0283 2.02
(Livestock)*(Crops) 0.0168  0.0151 1.12
(Capital)
2 0.0242  0.0396 0.61
(Capital)*(Crops) -0.0103  0.0149 -0.69
(Crops)
2 0.0343  0.0075 4.59
Other Output  (Normalized by Milk Output)  -0.1015 0.0256 -3.96
(Other Output)
2 -0.0120  0.0013 -9.48
(Other Output)*(Operator Labor)  0.0108  0.0044 2.46
(Other Output)*(Hired Labor)  0.0018  0.0016 1.09
(Other Output)*(Purchased Feed)  0.0096  0.0048 2.02
(Other Output)*(Livestock)  -0.0237  0.0066 -3.56
(Other Output)*(Capital)  0.0003  0.0060 0.05
(Other Output)*(Crops)  0.0015  0.0033 0.46
Output Dummy  0.0338  0.0399 0.85
Hired Labor Dummy  -0.1097  0.0467 -2.35
Crops Dummy  0.1667  0.1190 1.40
Time (1993 = 1)  0.0047 0.0007 6.37
Constant 2.2707  0.2799 8.11 
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Table A.21 (continued) 
Efficiency Term Variance      
Variable  Coef  Std Err   Z 
       Operator Value of Labor and 
Management per Cow  -0.7622 0.1207 -6.31
    
Age 0.8804 0.2551  3.45
    
Education -1.9774 0.3339  -5.92
    
Cows  -2.0753 0.1584 -13.10
    
Milking Frequency  0.0361 0.1491  0.24
    
DFBS Participation at least 4 years  -0.2953 0.1039  -2.84
    
DFBS Participation at least 7 years  -0.2189 0.1516  -1.44
    
DFBS Participation at least 10 years  0.3114 0.2062  1.51
    
Constant  7.8362 1.5439 5.08
        
Residual Term Variance      
Variable  Coef  Std Err   Z 
     Operator Value of Labor and 
Management per Cow  0.2653 0.0809 3.28
    
Age -0.3868 0.2151  -1.80
    
Education  0.1136 0.2999 0.38
    
Cows 0.1319 0.0764  1.73
    
Milking Frequency  -0.2437 0.0956  -2.55
    
DFBS Participation at least 4 years  0.0829 0.0881  0.94
    
DFBS Participation at least 7 years  0.0571 0.0971 0.59
    
DFBS Participation at least 10 years  0.0716 0.1357  0.53
    
Constant -4.4794 1.2137  -3.69
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Table A.22: Output Distance Function Results Model 8 
Output Distance Function, Heteroscedastic Normal/Half-Normal Model 
Number of Observations  3351     
Log Likelihood  2389.828       
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  0.1587  0.0538 2.95
Hired Labor  0.0895  0.0402 2.23
Purchased Feed  0.3570  0.0901 3.96
Livestock 0.3761  0.1000 3.76
Capital 0.0285  0.1134 0.25
Crops 0.1488  0.0621 2.39
(Operator Labor)
2 -0.0046  0.0100 -0.46
(Operator Labor)*(Hired Labor)  -0.0377  0.0072 -5.22
(Operator Labor)*(Purchased Feed)  -0.0364  0.0156 -2.34
(Operator Labor)*(Livestock)  0.0279  0.0169 1.65
(Operator Labor)*(Capital)  0.0187  0.0176 1.06
(Operator Labor)*(Crops)  0.0157  0.0110 1.43
(Hired Labor)
2 0.0227  0.0046 4.91
(Hired Labor)*(Purchased Feed)  -0.0061  0.0062 -0.97
(Hired Labor)*(Livestock)  0.0082  0.0080 1.02
(Hired Labor)*(Capital)  0.0036  0.0079 0.45
(Hired Labor)*(Crops)  0.0069  0.0046 1.51
(Purchased Feed)
2 0.1719  0.0201 8.54
(Purchased Feed)*(Livestock)  -0.0136  0.0226 -0.60
(Purchased Feed)*(Capital)  -0.0781  0.0234 -3.34
(Purchased Feed)*(Crops)  -0.0580  0.0131 -4.44
(Livestock)
2 -0.1152  0.0343 -3.36
(Livestock)*(Capital) 0.0579  0.0288 2.01
(Livestock)*(Crops) 0.0211  0.0151 1.40
(Capital)
2 0.0424  0.0396 1.07
(Capital)*(Crops) -0.0169  0.0147 -1.15
(Crops)
2 0.0381  0.0076 5.02
Other Output  (Normalized by Milk Output)  -0.1058 0.0244 -4.34
(Other Output)
2 -0.0112  0.0013 -8.77
(Other Output)*(Operator Labor)  0.0103  0.0045 2.31
(Other Output)*(Hired Labor)  0.0009  0.0016 0.57
(Other Output)*(Purchased Feed)  0.0078  0.0047 1.68
(Other Output)*(Livestock)  -0.0182  0.0066 -2.78
(Other Output)*(Capital)  -0.0029  0.0059 -0.49
(Other Output)*(Crops)  0.0034  0.0033 1.03
Output Dummy  -0.0152  0.0391 -0.39
Hired Labor Dummy  -0.1339  0.0458 -2.93
Crops Dummy  0.1712  0.1164 1.47
Time (1993 = 1)  0.0035 0.0008 4.19
Constant 0.9068  0.2341 3.87 
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Table A.22 (continued) 
Efficiency Term Variance      
Variable  Coef  Std Err   Z 
       Operator Value of Labor and 
Management per Cow  0.0871 0.0931 0.94
    
Age 1.1083 0.2661  4.17
    
Education -2.4292 0.3622  -6.71
    
Milking Frequency  -0.4688 0.1219  -3.85
    
DFBS Participation at least 4 years  -0.4427 0.1077 -4.11
    
DFBS Participation at least 7 years  -0.1411 0.1373  -1.03
    
DFBS Participation at least 10 years  0.0283 0.1964  0.14
    
Constant  -1.8855 1.4137 -1.33
        
Residual Term Variance      
Variable  Coef  Std Err   Z 
     Operator Value of Labor and 
Management per Cow  0.4198 0.0696 6.03
    
Age -0.3944 0.2361  -1.67
    
Education  0.2540 0.3203 0.79
    
Milking Frequency  -0.3719 0.0989  -3.76
    
DFBS Participation at least 4 years  0.0781 0.0985 0.79
    
DFBS Participation at least 7 years  0.0861 0.1061 0.81
    
DFBS Participation at least 10 years  0.2266 0.1504  1.51
    
Constant -4.1758 1.2589  -3.32
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Table A.23: Output Distance Function Results Model 9 
Output Distance Function, Heteroscedastic Normal/Half-Normal Model 
Number of Observations  2358     
Log Likelihood  2058.574       
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  0.0240  0.0643 0.37
Hired Labor  0.0033  0.0415 0.08
Purchased Feed  0.3715  0.0948 3.92
Livestock 0.2644  0.1040 2.54
Capital 0.0492  0.1188 0.41
Crops 0.1536  0.0646 2.38
(Operator Labor)
2 -0.0014  0.0120 -0.12
(Operator Labor)*(Hired Labor)  -0.0280  0.0081 -3.46
(Operator Labor)*(Purchased Feed)  -0.0482  0.0164 -2.95
(Operator Labor)*(Livestock)  0.0432  0.0176 2.45
(Operator Labor)*(Capital)  0.0201  0.0180 1.12
(Operator Labor)*(Crops)  0.0156  0.0116 1.35
(Hired Labor)
2 0.0152  0.0054 2.80
(Hired Labor)*(Purchased Feed)  -0.0117  0.0073 -1.59
(Hired Labor)*(Livestock)  0.0305  0.0106 2.88
(Hired Labor)*(Capital)  -0.0025  0.0090 -0.28
(Hired Labor)*(Crops)  0.0064  0.0056 1.14
(Purchased Feed)
2 0.1990  0.0255 7.82
(Purchased Feed)*(Livestock)  -0.0321  0.0268 -1.20
(Purchased Feed)*(Capital)  -0.0867  0.0265 -3.27
(Purchased Feed)*(Crops)  -0.0461  0.0147 -3.14
(Livestock)
2 -0.0973  0.0378 -2.58
(Livestock)*(Capital) 0.0589  0.0315 1.87
(Livestock)*(Crops) 0.0068  0.0167 0.41
(Capital)
2 0.0486  0.0444 1.09
(Capital)*(Crops) -0.0161  0.0164 -0.98
(Crops)
2 0.0384  0.0074 5.17
Other Output  (Normalized by Milk Output)  -0.1043 0.0256 -4.07
(Other Output)
2 -0.0127  0.0013 -9.50
(Other Output)*(Operator Labor)  0.0057  0.0047 1.22
(Other Output)*(Hired Labor)  -0.0001  0.0018 -0.08
(Other Output)*(Purchased Feed)  0.0111  0.0053 2.09
(Other Output)*(Livestock)  -0.0096  0.0076 -1.26
(Other Output)*(Capital)  -0.0107  0.0069 -1.55
(Other Output)*(Crops)  0.0024  0.0037 0.65
Output Dummy  0.0973  0.0440 2.21
Hired Labor Dummy  -0.0691  0.0530 -1.30
Time (1993 = 1)  0.0032 0.0009 3.58
Constant 1.8810  0.2581 7.29
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Table A.23 (continued) 
Efficiency Term Variance      
Variable  Coef  Std Err   Z 
       Net Farm Income per Cow from the 
Previous Year  -0.4470 0.0266 -16.78
    
Age 0.7875 0.3172  2.48
    
Education -2.1086 0.4191  -5.03
    
Cows  -1.3104 0.1468 -8.93
    
Milking Frequency  -0.0012 0.1617  -0.01
    
DFBS Participation at least 4 years  -0.0936 0.1314  -0.71
    
DFBS Participation at least 7 years  0.2956 0.1508  1.96
    
DFBS Participation at least 10 years  -0.5729 0.2323  -2.47
    
Net Farm Income Dummy  -0.1136 0.2012 -0.56
    
Constant 4.1104 1.9085  2.15
Residual Term Variance      
Variable  Coef  Std Err   Z 
     Net Farm Income per Cow from the 
Previous Year  0.2528 0.0579 4.36
    
Age  -0.1763 0.2604 -0.68
    
Education  0.8380 0.3385 2.48
    
Cows  -0.0802 0.0671 -1.20
    
Milking Frequency  -0.3051 0.1108  -2.75
    
DFBS Participation at least 4 years  0.2206 0.1105  2.00
    
DFBS Participation at least 7 years  -0.0536 0.1046  -0.51
    
DFBS Participation at least 10 years  0.3320 0.1435  2.31
    
Net Farm Income Dummy  0.2122 0.1323  1.60
    
Constant -6.5444 1.4375  -4.55 
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Table A.24: Output Distance Function Results Model 10 
Output Distance Function, Heteroscedastic Normal/Half-Normal Model 
Number of Observations  2358     
Log Likelihood  2018.386       
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  0.0420  0.0693 0.61
Hired Labor  0.0447  0.0412 1.08
Purchased Feed  0.3571  0.0954 3.74
Livestock 0.3364  0.1097 3.07
Capital 0.0787  0.1237 0.64
Crops 0.1375  0.0680 2.02
(Operator Labor)
2 -0.0031  0.0128 -0.24
(Operator Labor)*(Hired Labor)  -0.0314  0.0080 -3.94
(Operator Labor)*(Purchased Feed)  -0.0343  0.0170 -2.02
(Operator Labor)*(Livestock)  0.0268  0.0189 1.42
(Operator Labor)*(Capital)  0.0245  0.0195 1.26
(Operator Labor)*(Crops)  0.0157  0.0124 1.26
(Hired Labor)
2 0.0135  0.0051 2.64
(Hired Labor)*(Purchased Feed)  -0.0045  0.0071 -0.64
(Hired Labor)*(Livestock)  0.0166  0.0101 1.64
(Hired Labor)*(Capital)  0.0010  0.0085 0.11
(Hired Labor)*(Crops)  0.0079  0.0054 1.46
(Purchased Feed)
2 0.2174  0.0256 8.50
(Purchased Feed)*(Livestock)  -0.0467  0.0270 -1.73
(Purchased Feed)*(Capital)  -0.1021  0.0268 -3.80
(Purchased Feed)*(Crops)  -0.0494  0.0143 -3.45
(Livestock)
2 -0.0760  0.0390 -1.95
(Livestock)*(Capital) 0.0689  0.0322 2.14
(Livestock)*(Crops) 0.0066  0.0166 0.40
(Capital)
2 0.0420  0.0447 0.94
(Capital)*(Crops) -0.0128  0.0160 -0.80
(Crops)
2 0.0406  0.0075 5.42
Other Output  (Normalized by Milk Output)  -0.1176 0.0251 -4.69
(Other Output)
2 -0.0123  0.0013 -9.29
(Other Output)*(Operator Labor)  0.0080  0.0047 1.71
(Other Output)*(Hired Labor)  0.0001  0.0017 0.05
(Other Output)*(Purchased Feed)  0.0093  0.0049 1.90
(Other Output)*(Livestock)  -0.0039  0.0074 -0.53
(Other Output)*(Capital)  -0.0135  0.0067 -2.02
(Other Output)*(Crops)  0.0010  0.0036 0.27
Output Dummy  0.0647  0.0417 1.55
Hired Labor Dummy  -0.0548  0.0479 -1.14
Time (1993 = 1)  0.0022 0.0009 2.33
Constant 1.3498  0.2608 5.18
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Table A.24 (continued) 
Efficiency Term Variance      
Variable  Coef  Std Err   Z 
       Net Farm Income per Cow from the 
Previous Year  -0.4465 0.0251 -17.79
    
Age 0.7073 0.2919  2.42
    
Education -1.8794 0.3816  -4.93
    
Milking Frequency  -0.5208 0.1274 -4.09
    
DFBS Participation at least 4 years  -0.1737 0.1169  -1.49
    
DFBS Participation at least 7 years  0.0988 0.1335  0.74
    
DFBS Participation at least 10 years  -0.8225 0.2368  -3.47
    
Net Farm Income Dummy  -0.0884 0.1764  -0.50
    
Constant  -1.9061 1.6141 -1.18
         
Residual Term Variance      
Variable  Coef  Std Err   Z 
     Net Farm Income per Cow from the 
Previous Year  0.4514 0.0803 5.62
    
Age  -0.1889 0.2827 -0.67
    
Education  0.9227 0.3558 2.59
    
Milking Frequency  -0.6405 0.1018 -6.29
    
DFBS Participation at least 4 years  0.1919 0.1181  1.62
    
DFBS Participation at least 7 years  -0.0147 0.1128  -0.13
    
DFBS Participation at least 10 years  0.4992 0.1535  3.25
    
Net Farm Income Dummy  0.1680 0.1382 1.22
    
Constant -7.3393 1.5149  -4.84
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Table A.25:  Input Distance Function Results Model 1 
Input Distance Function, Truncated Normal Conditional Mean 
Number of Observations  3351     
Log Likelihood  2713.044       
Input Requirement Function      
Variable  Coef  Std Err   Z 
Operator Labor  -0.3452  0.0573 -6.02
Hired Labor  -0.0763  0.0372 -2.05
Purchased Feed  -0.5389  0.0965 -5.59
Capital 0.2253  0.1108 2.03
Crops -0.1135  0.0644 -1.76
(Operator Labor)
2 -0.0185  0.0095 -1.95
(Operator Labor)*(Hired Labor)  0.0312  0.0056 5.59
(Operator Labor)*(Purchased Feed)  0.0804  0.0129 6.24
(Operator Labor)*(Capital)  -0.0575  0.0158 -3.64
(Operator Labor)*(Crops)  0.0127  0.0098 1.29
(Hired Labor)
2 -0.0195  0.0038 -5.12
(Hired Labor)*(Purchased Feed)  0.0037  0.0056 0.66
(Hired Labor)*(Capital)  -0.0005  0.0066 -0.08
(Hired Labor)*(Crops)  -0.0060  0.0040 -1.49
(Purchased Feed)
2 -0.1736  0.0201 -8.63
(Purchased Feed)*(Capital)  0.0768  0.0215 3.57
(Purchased Feed)*(Crops)  0.0364  0.0127 2.88
(Capital)
2 -0.0021  0.0336 -0.06
(Capital)*(Crops) 0.0050  0.0130 0.38
(Crops)
2 -0.0272  0.0068 -4.02
Milk 0.2696  0.0789 3.42
Other Output    0.0867  0.0263 3.29
(Milk)
2 0.0898  0.0112 8
(Milk)*(Other Output)  -0.0211  0.0038 -5.6
(Other Output)
2 0.0218  0.0024 8.95
(Milk)*(Operator Labor)  0.0369  0.0082 4.48
(Other Output)*(Operator Labor)  -0.0081  0.0040 -2.04
(Milk)*(Hired Labor)  0.0005  0.0053 0.09
(Other Output)*(Hired Labor)  -0.0007  0.0014 -0.52
(Milk)*(Purchased Feed)  0.0551  0.0136 4.06
(Other Output)*(Purchased Feed)  -0.0064  0.0044 -1.45
(Milk)*(Capital) -0.0637  0.0150 -4.24
(Other Output)*(Capital)  0.0003  0.0053 0.05
(Milk)*(Crops) 0.0045  0.0090 0.49
(Other Output)*(Crops)  -0.0027  0.0031 -0.89
Time (1993 = 1)  -0.0015 0.0008 -2
Output Dummy  -0.0163  0.0356 -0.46
Hired Labor Dummy  0.0711  0.0381 1.86
Crops Dummy  -0.0811  0.1033 -0.78
Constant 1.3735  0.3067 4.48
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Table A.25 (continued) 
Efficiency Term        
Variable  Coef  Std Err   Z 
       Operator Value of Labor and 
Management per Cow  0.1471 0.0747 1.97
    
Age 0.2516 0.1599  1.57
    
Education  -0.7176 0.3762 -1.91
    
Cows -0.0489 0.0685  -0.71
    
Milking Frequency  -0.0418 0.0611 -0.68
    
DFBS Participation at least 4 years  -0.0734 0.0517  -1.42
    
DFBS Participation at least 7 years  -0.0494 0.0630  -0.78
    
DFBS Participation at least 10 years  0.0706 0.0915 0.77
    
Constant  0.6765 0.5479 1.23
          
σ
2
u     0.0323 0.0183  1.77
          
σ
2
v     0.0081 0.0005  16.48
          
γ     0.7991 0.0877  9.11
 
 
 
 
 
 
 
 
 
 
 
  
 134
Table A.26: Input Distance Function Results Model 2 
Input Distance Function, Truncated Normal Conditional Mean 
Number of Observations  3351     
Log Likelihood  2712.614       
Input Requirement Function      
Variable  Coef  Std Err   Z 
Operator Labor  -0.3468  0.0572 -6.06
Hired Labor  -0.0771  0.0369 -2.09
Purchased Feed  -0.5421  0.0965 -5.62
Capital 0.2327  0.1103 2.11
Crops -0.1112  0.0642 -1.73
(Operator Labor)
2 -0.0202  0.0093 -2.16
(Operator Labor)*(Hired Labor)  0.0311  0.0056 5.59
(Operator Labor)*(Purchased Feed)  0.0817  0.0128 6.37
(Operator Labor)*(Capital)  -0.0578  0.0158 -3.66
(Operator Labor)*(Crops)  0.0126  0.0098 1.29
(Hired Labor)
2 -0.0194  0.0038 -5.10
(Hired Labor)*(Purchased Feed)  0.0035  0.0056 0.63
(Hired Labor)*(Capital)  -0.0007  0.0066 -0.10
(Hired Labor)*(Crops)  -0.0059  0.0040 -1.47
(Purchased Feed)
2 -0.1728  0.0199 -8.67
(Purchased Feed)*(Capital)  0.0762  0.0214 3.56
(Purchased Feed)*(Crops)  0.0367  0.0126 2.91
(Capital)
2 -0.0020  0.0335 -0.06
(Capital)*(Crops) 0.0050  0.0130 0.39
(Crops)
2 -0.0269  0.0067 -4.00
Milk 0.2487  0.0751 3.31
Other Output    0.0871  0.0263 3.31
(Milk)
2 0.0918  0.0109 8.38
(Milk)*(Other Output)  -0.0211  0.0038 -5.61
(Other Output)
2 0.0217  0.0024 8.90
(Milk)*(Operator Labor)  0.0366  0.0083 4.43
(Other Output)*(Operator Labor)  -0.0083  0.0040 -2.08
(Milk)*(Hired Labor)  0.0007  0.0052 0.13
(Other Output)*(Hired Labor)  -0.0007  0.0014 -0.52
(Milk)*(Purchased Feed)  0.0556  0.0136 4.10
(Other Output)*(Purchased Feed)  -0.0061  0.0044 -1.39
(Milk)*(Capital) -0.0648  0.0150 -4.33
(Other Output)*(Capital)  0.0004  0.0053 0.07
(Milk)*(Crops) 0.0044  0.0090 0.48
(Other Output)*(Crops)  -0.0029  0.0031 -0.93
Time (1993 = 1)  -0.0013 0.0008 -1.78
Output Dummy  -0.0142  0.0354 -0.40
Hired Labor Dummy  0.0722  0.0379 1.91
Crops Dummy  -0.0831  0.1022 -0.81
Constant 1.4703  0.2864 5.13 
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Table A.26 (continued) 
Efficiency Term        
Variable  Coef  Std Err   Z 
       Operator Value of Labor and 
Management per Cow  0.1471 0.0651 2.26
    
Age 0.2096 0.1152  1.82
    
Education  -0.6175 0.2705 -2.28
    
Milking Frequency  -0.0442 0.0505  -0.87
    
DFBS Participation at least 4 years  -0.0613 0.0380  -1.61
    
DFBS Participation at least 7 years  -0.0389 0.0484  -0.8
    
DFBS Participation at least 10 years  0.0465 0.0671  0.69
    
Constant 0.4443 0.3630  1.22
          
σ
2
u     0.0263 0.0118  2.22
          
σ
2
v     0.0081 0.0005  16.00
          
γ     0.7647 0.0778  9.83
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Table A.27: Input Distance Function Results Model 3 
Input Distance Function, Truncated Normal Time- Invariant    
Number of Observations  3375    
Log Likelihood  3408.615      
Input Requirement Function      
Variable  Coef  Std Err   Z 
Operator Labor  -0.1851 0.0585  -3.16
Hired Labor  -0.0307 0.0323  -0.95
Purchased Feed  -0.4449 0.0924  -4.81
Capital 0.0855 0.1056  0.81
Crops -0.1430 0.0626  -2.29
(Operator Labor)
2 -0.0513 0.0084  -6.13
(Operator Labor)*(Hired Labor)  0.0155 0.0048  3.25
(Operator Labor)*(Purchased Feed)  0.0738 0.0118  6.27
(Operator Labor)*(Capital)  -0.0389 0.0149  -2.61
(Operator Labor)*(Crops)  0.0178 0.0089  2.00
(Hired Labor)
2 -0.0218 0.0031  -7.01
(Hired Labor)*(Purchased Feed)  0.0067 0.0047  1.41
(Hired Labor)*(Capital)  0.0044 0.0054  0.81
(Hired Labor)*(Crops)  -0.0016 0.0032  -0.50
(Purchased Feed)
2 -0.1724 0.0180  -9.60
(Purchased Feed)*(Capital)  0.0759 0.0182  4.16
(Purchased Feed)*(Crops)  0.0249 0.0108  2.31
(Capital)
2 -0.0332 0.0298  -1.11
(Capital)*(Crops) 0.0250 0.0113  2.21
(Crops)
2 -0.0325 0.0056  -5.80
Milk 0.2841 0.0808  3.52
Other Output    0.0371 0.0198  1.88
(Milk)
2 0.0710 0.0110  6.45
(Milk)*(Other Output)  -0.0124 0.0028  -4.36
(Other Output)
2 0.0163 0.0019  8.76
(Milk)*(Operator Labor)  0.0083 0.0080  1.05
(Other Output)*(Operator Labor)  -0.0075 0.0030  -2.48
(Milk)*(Hired Labor)  -0.0068 0.0046  -1.48
(Other Output)*(Hired Labor)  -0.0018 0.0010  -1.81
(Milk)*(Purchased Feed)  0.0422 0.0127  3.32
(Other Output)*(Purchased Feed)  -0.0084 0.0032  -2.63
(Milk)*(Capital) -0.0391 0.0143  -2.73
(Other Output)*(Capital)  0.0014 0.0038  0.36
(Milk)*(Crops) 0.0063 0.0086  0.74
(Other Output)*(Crops)  -0.0005 0.0023  -0.23
Time (1993 = 1)  -0.0007 0.0005 -1.41
Output Dummy  -0.0438 0.0260  -1.68
Hired Labor Dummy  0.0415 0.0291  1.42
Crops Dummy  -0.0577 0.0970  -0.59
Constant 1.4730 0.3881  3.80 
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Table A.27 (continued) 
Efficiency Term        
Variable  Coef  Std Err   Z 
            
µ     0.3709 0.2280  1.63
          
σ
2
u     0.0086 0.0006  14.77
          
σ
2
v     0.0051 0.0001  35.41
          
γ     0.6301 0.0181  34.89
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Table A.28: Input Distance Function Results Model 4 
Input Distance Function, OLS          
Number of Observations  3375    
R
2  0.9884      
Input Requirement Function      
Variable  Coef  Std Err   Z 
Operator Labor  -0.3879 0.0614  -6.31
Hired Labor  -0.0622 0.0345  -1.80
Purchased Feed  -0.5407 0.0970  -5.57
Capital 0.2025 0.1110  1.82
Crops -0.0663 0.0654  -1.01
(Operator Labor)
2 -0.0116 0.0099  -1.17
(Operator Labor)*(Hired Labor)  0.0267 0.0053  4.99
(Operator Labor)*(Purchased Feed)  0.0764 0.0128  5.96
(Operator Labor)*(Capital)  -0.0530 0.0160  -3.31
(Operator Labor)*(Crops)  0.0112 0.0099  1.13
(Hired Labor)
2 -0.0166 0.0036  -4.59
(Hired Labor)*(Purchased Feed)  0.0059 0.0054  1.09
(Hired Labor)*(Capital)  -0.0032 0.0064  -0.50
(Hired Labor)*(Crops)  -0.0035 0.0038  -0.93
(Purchased Feed)
2 -0.1711 0.0194  -8.82
(Purchased Feed)*(Capital)  0.0735 0.0208  3.53
(Purchased Feed)*(Crops)  0.0443 0.0123  3.60
(Capital)
2 0.0009 0.0332  0.03
(Capital)*(Crops) -0.0001 0.0130  -0.01
(Crops)
2 -0.0255 0.0069  -3.67
Milk 0.1523 0.0786  1.94
Other Output    0.0833 0.0269  3.09
(Milk)
2 0.1038 0.0115  9.06
(Milk)*(Other Output)  -0.0219 0.0038  -5.69
(Other Output)
2 0.0228 0.0025  8.95
(Milk)*(Operator Labor)  0.0451 0.0089  5.09
(Other Output)*(Operator Labor)  -0.0100 0.0041  -2.44
(Milk)*(Hired Labor)  0.0003 0.0050  0.06
(Other Output)*(Hired Labor)  -0.0017 0.0013  -1.37
(Milk)*(Purchased Feed)  0.0545 0.0136  4.01
(Other Output)*(Purchased Feed)  -0.0054 0.0042  -1.28
(Milk)*(Capital) -0.0621 0.0151  -4.11
(Other Output)*(Capital)  0.0004 0.0053  0.07
(Milk)*(Crops) -0.0002 0.0092  -0.02
(Other Output)*(Crops)  -0.0038 0.0031  -1.23
Time (1993 = 1)  -0.0018 0.0006 -2.93
Output Dummy  -0.0247 0.0360  -0.69
Hired Labor Dummy  0.0524 0.0358  1.46
Crops Dummy  -0.1028 0.1007  -1.02
Constant 1.9928 0.2962  6.73
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Table A.29: Input Distance Function Results Model 7 
Input Distance Function, Heteroscedastic Normal/Half-Normal Model 
Number of Observations  3351     
Log Likelihood  2792.676       
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  -0.3081  0.0504  -6.12
Hired Labor  -0.0784  0.0329  -2.39
Purchased Feed  -0.5649  0.0959  -5.89
Capital 0.1701  0.0970  1.75
Crops -0.1148  0.0600  -1.91
(Operator Labor)
2 -0.0169  0.0069  -2.43
(Operator Labor)*(Hired Labor)  0.0319  0.0053  6.03
(Operator Labor)*(Purchased Feed)  0.0703  0.0130  5.39
(Operator Labor)*(Capital)  -0.0413  0.0141  -2.93
(Operator Labor)*(Crops)  0.0034  0.0091  0.38
(Hired Labor)
2 -0.0216  0.0037  -5.87
(Hired Labor)*(Purchased Feed)  0.0048  0.0056  0.86
(Hired Labor)*(Capital)  0.0015  0.0065  0.24
(Hired Labor)*(Crops)  -0.0070  0.0040  -1.76
(Purchased Feed)
2 -0.1860  0.0209  -8.91
(Purchased Feed)*(Capital)  0.0787  0.0201  3.92
(Purchased Feed)*(Crops)  0.0430  0.0107  4.03
(Capital)
2 -0.0145  0.0329  -0.44
(Capital)*(Crops) 0.0054  0.0137  0.39
(Crops)
2 -0.0308  0.0090  -3.42
Milk 0.3265  0.0691  4.73
Other Output    0.0775  0.0220  3.53
(Milk)
2 0.0776  0.0099  7.85
(Milk)*(Other Output)  -0.0206  0.0033  -6.22
(Other Output)
2 0.0218  0.0020  10.96
(Milk)*(Operator Labor)  0.0306  0.0067  4.55
(Other Output)*(Operator Labor)  -0.0081  0.0037  -2.16
(Milk)*(Hired Labor)  0.0005  0.0046  0.11
(Other Output)*(Hired Labor)  -0.0013  0.0013  -1.05
(Milk)*(Purchased Feed)  0.0568  0.0135  4.2
(Other Output)*(Purchased Feed)  -0.0057  0.0040  -1.42
(Milk)*(Capital) -0.0544  0.0130  -4.18
(Other Output)*(Capital)  0.0020  0.0049  0.41
(Milk)*(Crops) 0.0030  0.0080  0.37
(Other Output)*(Crops)  -0.0040  0.0026  -1.54
Time (1993 = 1)  -0.0002 0.0007  -0.33
Output Dummy  -0.0306  0.0293  -1.04
Hired Labor Dummy  0.0945  0.0377  2.51
Crops Dummy  -0.0772  0.0928  -0.83
Constant 1.3275  0.2680  4.95
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Table A.29 (continued) 
Efficiency Term Variance      
Variable  Coef  Std Err   Z 
       Operator Value of Labor and 
Management per Cow  0.7452 0.2145 3.47
    
Age 0.6868 0.4192  1.64
    
Education  -3.2692 0.7519 -4.35
    
Cows 1.0027 0.2685  3.73
    
Milking Frequency  0.2014 0.1722  1.17
    
DFBS Participation at least 4 years  -0.5292 0.1868  -2.83
    
DFBS Participation at least 7 years  0.0825 0.1992  0.41
    
DFBS Participation at least 10 years  -0.4790 0.3159  -1.52
    
Constant  -4.9580 2.3399 -2.12
        
Residual Term Variance      
Variable  Coef  Std Err   Z 
     Operator Value of Labor and 
Management per Cow  -0.0567 0.0667 -0.85
    
Age  -0.2486 0.1981 -1.26
    
Education -0.3342 0.2389  -1.4
    
Cows  -0.4912 0.0715 -6.87
    
Milking Frequency  -0.3183 0.0931  -3.42
    
DFBS Participation at least 4 years  0.1722 0.0774  2.23
    
DFBS Participation at least 7 years  -0.0170 0.0871  -0.2
    
DFBS Participation at least 10 years  0.2145 0.1203 1.78
    
Constant -0.4683 1.0307  -0.45
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Table A.30: Input Distance Function Results Model 8 
Input Distance Function, Heteroscedastic Normal/Half-Normal Model 
Number of Observations  3351     
Log Likelihood  2766.8       
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  -0.2900  0.0521 -5.56
Hired Labor  -0.0677  0.0374 -1.81
Purchased Feed  -0.5764  0.0932 -6.18
Capital 0.1866  0.1064 1.75
Crops -0.1365  0.0628 -2.17
(Operator Labor)
2 -0.0228  0.0086 -2.64
(Operator Labor)*(Hired Labor)  0.0298  0.0057 5.23
(Operator Labor)*(Purchased Feed)  0.0783  0.0125 6.25
(Operator Labor)*(Capital)  -0.0455  0.0149 -3.05
(Operator Labor)*(Crops)  0.009  0.0094 0.98
(Hired Labor)
2 -0.0239  0.0039 -6.03
(Hired Labor)*(Purchased Feed)  0.0073  0.0059 1.24
(Hired Labor)*(Capital)  0.0012  0.0068 0.18
(Hired Labor)*(Crops)  -0.007  0.0040 -1.79
(Purchased Feed)
2 -0.1889  0.0199 -9.48
(Purchased Feed)*(Capital)  0.0798  0.0213 3.75
(Purchased Feed)*(Crops)  0.0430  0.0124 3.45
(Capital)
2 -0.0214  0.0335 -0.64
(Capital)*(Crops) 0.0072  0.0131 0.55
(Crops)
2 -0.0321  0.0070 -4.58
Milk 0.2920  0.0690 4.23
Other Output    0.0844  0.0256 3.29
(Milk)
2 0.0838  0.0101 8.24
(Milk)*(Other Output)  -0.0205  0.0036 -5.56
(Other Output)
2 0.0212  0.0024 8.73
(Milk)*(Operator Labor)  0.0287  0.0076 3.79
(Other Output)*(Operator Labor)  -0.0076  0.0039 -1.95
(Milk)*(Hired Labor)  -0.0024  0.0053 -0.46
(Other Output)*(Hired Labor)  -0.0007  0.0014 -0.51
(Milk)*(Purchased Feed)  0.0598  0.0131 4.56
(Other Output)*(Purchased Feed)  -0.0057  0.0043 -1.33
(Milk)*(Capital) -0.0561  0.0144 -3.88
(Other Output)*(Capital)  0.0014  0.0052 0.28
(Milk)*(Crops) 0.0060  0.0087 0.70
(Other Output)*(Crops)  -0.0037  0.0030 -1.23
Time (1993 = 1)  -0.0004 0.0008 -0.57
Output Dummy  -0.0077  0.0363 -0.21
Hired Labor Dummy  0.1020  0.0396 2.57
Crops Dummy  -0.0720  0.1039 -0.69
Constant 1.3568  0.2672 5.08 
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Table A.30 (continued) 
Efficiency Term Variance      
Variable  Coef  Std Err   Z 
       Operator Value of Labor and 
Management per Cow  0.1258 0.1742 0.72
    
Age 0.8850 0.3748  2.36
    
Education  -3.0313 0.6987 -4.34
    
Milking Frequency  0.2974 0.2045  1.45
    
DFBS Participation at least 4 years  -0.5575 0.1920 -2.90
    
DFBS Participation at least 7 years  0.0087 0.1879  0.05
    
DFBS Participation at least 10 years  -0.2150 0.3102  -0.69
    
Constant  -0.5201 1.8744 -0.28
        
Residual Term Variance      
Variable  Coef  Std Err   Z 
     Operator Value of Labor and 
Management per Cow  0.3015 0.0783 3.85
    
Age  -0.2477 0.1979 -1.25
    
Education  -0.2473 0.2741 -0.90
    
Milking Frequency  -0.5296 0.0923  -5.74
    
DFBS Participation at least 4 years  0.1777 0.0826  2.15
    
DFBS Participation at least 7 years  0.0016 0.0913  0.02
    
DFBS Participation at least 10 years  0.2087 0.1287 1.62
    
Constant -3.3370 1.1034  -3.02
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Table A.31: Input Distance Function Results Model 9 
Input Distance Function, Heteroscedastic Normal/Half-Normal Model 
Number of Observations  2358     
Log Likelihood  2233.968       
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  -0.2196  0.0570  -3.85
Hired Labor  -0.0465  0.0400  -1.16
Purchased Feed  -0.4982  0.1083  -4.60
Capital 0.0556  0.1137  0.49
Crops -0.1009  0.0735  -1.37
(Operator Labor)
2 -0.0079  0.0082  -0.97
(Operator Labor)*(Hired Labor)  0.0308  0.0060  5.11
(Operator Labor)*(Purchased Feed)  0.0603  0.0151  3.99
(Operator Labor)*(Capital)  -0.0377  0.0157  -2.40
(Operator Labor)*(Crops)  -0.0070  0.0115  -0.61
(Hired Labor)
2 -0.0181  0.0046  -3.90
(Hired Labor)*(Purchased Feed)  0.0072  0.0074  0.97
(Hired Labor)*(Capital)  0.0048  0.0076  0.63
(Hired Labor)*(Crops)  -0.0095  0.0050  -1.91
(Purchased Feed)
2 -0.2227  0.0268  -8.32
(Purchased Feed)*(Capital)  0.0932  0.0257  3.62
(Purchased Feed)*(Crops)  0.0401  0.0154  2.61
(Capital)
2 -0.0153  0.0385  -0.40
(Capital)*(Crops) 0.0114  0.0160  0.71
(Crops)
2 -0.0364  0.0070  -5.22
Milk 0.5025  0.0720  6.98
Other Output    0.0996  0.0243  4.09
(Milk)
2 0.0592  0.0102  5.83
(Milk)*(Other Output)  -0.0217  0.0038  -5.78
(Other Output)
2 0.0218  0.0021  10.36
(Milk)*(Operator Labor)  0.0215  0.0074  2.92
(Other Output)*(Operator Labor)  -0.0052  0.0041  -1.29
(Milk)*(Hired Labor)  -0.0048  0.0057  -0.85
(Other Output)*(Hired Labor)  0.0000  0.0014  0.01
(Milk)*(Purchased Feed)  0.0496  0.0154  3.22
(Other Output)*(Purchased Feed)  -0.0082  0.0049  -1.67
(Milk)*(Capital) -0.0450  0.0154  -2.91
(Other Output)*(Capital)  0.0084  0.0060  1.39
(Milk)*(Crops) -0.0037  0.0104  -0.36
(Other Output)*(Crops)  -0.0025  0.0031  -0.80
Time (1993 = 1)  0.0001 0.0008  0.15
Output Dummy  -0.0473  0.0327  -1.45
Hired Labor Dummy  0.0661  0.0468  1.41
Constant 0.4333  0.2910  1.49
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Table A.31 (continued) 
Efficiency Term Variance      
Variable  Coef  Std Err   Z 
       Net Farm Income per Cow from the 
Previous Year  -0.4709 0.0548 -8.60
    
Age 0.5426 0.4575  1.19
    
Education  -2.2418 0.6135 -3.65
    
Cows -0.2829 0.1534  -1.84
    
Milking Frequency  0.0283 0.1964 0.14
    
DFBS Participation at least 4 years  -0.2615 0.1825  -1.43
    
DFBS Participation at least 7 years  0.2580 0.1983  1.30
    
DFBS Participation at least 10 years  -1.0676 0.3161 -3.38
    
Net Farm Income Dummy  -0.2493 0.2810 -0.89
    
Constant 0.2205 2.5402  0.09
Residual Term Variance      
Variable  Coef  Std Err   Z 
     Net Farm Income per Cow from the 
Previous Year  0.2397 0.0562 4.26
    
Age  -0.3472 0.2616 -1.33
    
Education 0.5162 0.3172  1.63
    
Cows -0.2831 0.0570  -4.97
    
Milking Frequency  -0.3267 0.1118  -2.92
    
DFBS Participation at least 4 years  0.3208 0.1093  2.93
    
DFBS Participation at least 7 years  -0.0932 0.1028  -0.91
    
DFBS Participation at least 10 years  0.4201 0.1507  2.79
    
Net Farm Income Dummy  0.1759 0.1284  1.37
    
Constant -4.0824 1.3996  -2.92
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Table A.32: Input Distance Function Results Model 10 
Input Distance Function, Heteroscedastic Normal/Half-Normal Model 
Number of Observations  2358     
Log Likelihood  2213.021       
Production Function       
Variable  Coef  Std Err   Z 
Operator Labor  -0.2666  0.0601  -4.44
Hired Labor  -0.0620  0.0394  -1.57
Purchased Feed  -0.4675  0.1087  -4.30
Capital 0.0927  0.1138  0.81
Crops -0.0907  0.0721  -1.26
(Operator Labor)
2 -0.0065  0.0086  -0.76
(Operator Labor)*(Hired Labor)  0.0309  0.0057  5.43
(Operator Labor)*(Purchased Feed)  0.0592  0.0153  3.87
(Operator Labor)*(Capital)  -0.0470  0.0167  -2.81
(Operator Labor)*(Crops)  -0.0044  0.0118  -0.38
(Hired Labor)
2 -0.0174  0.0045  -3.85
(Hired Labor)*(Purchased Feed)  0.0047  0.0068  0.70
(Hired Labor)*(Capital)  0.0027  0.0069  0.39
(Hired Labor)*(Crops)  -0.0106  0.0046  -2.28
(Purchased Feed)
2 -0.2213  0.0258  -8.58
(Purchased Feed)*(Capital)  0.1012  0.0250  4.05
(Purchased Feed)*(Crops)  0.0441  0.0147  3.00
(Capital)
2 -0.0116  0.0387  -0.30
(Capital)*(Crops) 0.0105  0.0155  0.68
(Crops)
2 -0.0361  0.0067  -5.43
Milk 0.4087  0.0745  5.49
Other Output    0.1093  0.0245  4.45
(Milk)
2 0.0721  0.0105  6.88
(Milk)*(Other Output)  -0.0230  0.0038  -6.11
(Other Output)
2 0.0216  0.0021  10.52
(Milk)*(Operator Labor)  0.0294  0.0077  3.83
(Other Output)*(Operator Labor)  -0.0076  0.0040  -1.87
(Milk)*(Hired Labor)  -0.0029  0.0055  -0.52
(Other Output)*(Hired Labor)  0.0000  0.0013  0.03
(Milk)*(Purchased Feed)  0.0447  0.0154  2.91
(Other Output)*(Purchased Feed)  -0.0065  0.0048  -1.35
(Milk)*(Capital) -0.0535  0.0155  -3.45
(Other Output)*(Capital)  0.0107  0.0058  1.83
(Milk)*(Crops) -0.0052  0.0104  -0.51
(Other Output)*(Crops)  -0.0017  0.0031  -0.56
Time (1993 = 1)  0.0002 0.0008  0.22
Output Dummy  -0.0355  0.0307  -1.15
Hired Labor Dummy  0.0564  0.0445  1.27
Constant 0.7746  0.2968  2.61
  
 146
 
Table A.32 (continued) 
Efficiency Term Variance      
Variable  Coef  Std Err   Z 
       Net Farm Income per Cow from the 
Previous Year  -0.4624 0.0484 -9.55
    
Age 0.5532 0.4281  1.29
    
Education  -2.1506 0.5696 -3.78
    
Milking Frequency  -0.1229 0.1653  -0.74
    
DFBS Participation at least 4 years  -0.2800 0.1674  -1.67
    
DFBS Participation at least 7 years  0.2047 0.1824  1.12
    
DFBS Participation at least 10 years  -0.9697 0.2687  -3.61
    
Net Farm Income Dummy  -0.2388 0.2570  -0.93
    
Constant  -1.2373 2.3342 -0.53
         
Residual Term Variance      
Variable  Coef  Std Err   Z 
     Net Farm Income per Cow from the 
Previous Year  0.2848 0.0570 5
    
Age  -0.4086 0.2637 -1.55
    
Education 0.3996 0.3207  1.25
    
Milking Frequency  -0.7208 0.0948 -7.6
    
DFBS Participation at least 4 years  0.2676 0.1088  2.46
    
DFBS Participation at least 7 years  -0.0858 0.1026  -0.84
    
DFBS Participation at least 10 years  0.3915 0.1533  2.55
    
Net Farm Income Dummy  0.1531 0.1309 1.17
    
Constant -4.8718 1.4069  -3.46
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Table A.33: Cost Frontier Results Model 1 
Cost Frontier Function, Truncated Normal/Half-Normal Model 
Number of Observations    3351        
Log Likelihood     2481.629          
Cost Function     Coef   Std Err  Z     
Labor Input Price    0.2104 0.1212  1.74    
Purchased Feed Input Price    0.2401 0.0418  5.74    
Capital Input Price    0.2154 0.0945  2.28    
Crop Input Price    0.0400 0.0578  0.69    
Milk Output    0.5370 0.0416  12.89    
Other Output      0.0522 0.0179  2.92    
(Milk Output)
2   0.0485 0.0059  8.17    
(Milk Output)*(Other Output)    -0.0181 0.0025  -7.01    
(Other Output)
2   0.0280 0.0024  11.59    
Other Output Dummy    -0.0407 0.0365  -1.11    
Time   -0.0037 0.0023  -1.59    
Constant   2.2507 0.1560  14.42    
            
            
Efficiency Term     Coef   Std Err  Z     
        
Operator Value of Labor and Management per Cow -0.0285 0.0900 -0.32    
        
Age 0.8885 0.6348  1.40    
        
Education -1.8623 1.2613  -1.48    
        
Cows -0.7150 0.50128  -1.43    
        
Milking Frequency  -0.1895 0.2392  -0.79    
        
DFBS Participation at least 4 years  -0.1970 0.1715  -1.15    
        
DFBS Participation at least 7 years  -0.1704 0.2037  -0.84    
        
DFBS Participation at least 10 years  0.3131 0.3121  1.00    
        
Constant 3.2222 2.2946  1.40    
            
σ
2
u   0.1365 0.0979  1.3945    
            
σ
2
v   0.0083 0.0004  19.0945    
            
γ     0.9422 0.0381  24.6683     
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Table A.34: Cost Frontier Results Model 2 
Cost Frontier Function, Truncated Normal/Half-Normal Model 
Number of Observations    3351        
Log Likelihood     2463.728          
Cost Function     Coef   Std Err  Z     
Labor Input Price    0.2066 0.1231 1.68     
Purchased Feed Input Price    0.2389 0.0426 5.61     
Capital Input Price    0.2178 0.0957 2.27     
Crop Input Price    0.0341 0.0588 0.58     
Milk Output    0.4379 0.0370 11.83     
Other Output      0.0536 0.0177 3.03     
(Milk Output)
2   0.0589 0.0055 10.59     
(Milk Output)*(Other Output)    -0.0180 0.0025 -7.08     
(Other Output)
2   0.0278 0.0024 11.35     
Other Output Dummy    -0.0336 0.0361 -0.93     
Time   -0.0032 0.0023 -1.35     
Constant   2.7004 0.1306 20.68     
          
          
Efficiency Term     Coef   Std Err  Z     
       Operator Value of Labor and 
Management per Cow  0.3096 0.2535 1.22     
      
Age 1.3094 0.9855 1.33     
      
Education -2.7950 2.0244 -1.38     
      
Milking Frequency  -0.5637 0.4911 -1.15     
      
DFBS Participation at least 4 years  -0.2738 0.2468 -1.11     
      
DFBS Participation at least 7 years  -0.2523 0.2917 -0.86     
      
DFBS Participation at least 10 years  0.2560 0.3524 0.73     
      
Constant 0.0355 1.7097 0.02     
          
σ
2
u   0.1723 0.1284 1.3411     
          
σ
2
v   0.0086 0.0004 19.5209     
          
γ     0.9523 0.0334 28.4869     
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Table A.35: Cost Frontier Results Model 3 
Cost Frontier Function, Truncated Normal/Half-Normal Model, Time-invariant   
              
Number  of  Observations   3375          
Log Likelihood    3167.912               
              
              
Cost Function    Coef   Std Err  Z          
Labor Input Price    0.2466 0.0857 2.88         
Purchased Feed Input Price    0.2377 0.0286 8.29         
Capital Input Price    0.0996 0.0676 1.47         
Crop Input Price    0.0598 0.0414 1.44         
Milk Output    0.3159 0.0436 7.24         
Other Output      0.0041 0.0133 0.31         
(Milk Output)
2   0.0636 0.0058 10.86         
(Milk Output)*(Other Output)    -0.0096 0.0019 -5.02         
(Other Output)
2   0.0211 0.0018 11.22         
Other Output Dummy    -0.0739 0.0268 -2.75         
Time   -0.0020 0.0016 -1.22         
Constant   3.1812 0.2448 13.00         
              
              
Efficiency Term    Coef   Std Err  Z          
µ    0.4296 0.1816 2.36       
              
σ
2
u   0.0110 0.0007 15.71         
              
σ
2
v   0.0056 0.0001 56.00         
              
γ   0.6599 0.0171 38.59         
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Table A.36: Cost Function Results Model 4 
OLS             
       
Number of Observations    3375    
R
2     0.9822      
       
       
Cost Function     Coef   Std Err  Z 
Labor Input Price    0.1748 0.1297  1.35
Purchased Feed Input Price    0.2199 0.0433  5.07
Capital Input Price    0.2685 0.0987  2.72
Crop Input Price    0.0172 0.0626  0.28
Milk Output    0.3235 0.0361  8.95
Other Output      0.0451 0.0181  2.49
(Milk Output)
2   0.0695 0.0055  12.46
(Milk Output)*(Other Output)    -0.0177 0.0025  -6.88
(Other Output)
2   0.0295 0.0026  11.27
Other Output Dummy    -0.0274 0.0378  -0.72
Time   -0.0020 0.0024  -0.84
Constant   3.3462 0.1216  27.50
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Table A.37: Cost Frontier Results Model 5 
Cost Frontier Function, Truncated Normal/Half-Normal Model 
Number of Observations    2358        
Log Likelihood     2068.057          
Cost Function     Coef   Std Err  Z     
Labor Input Price    0.3101 0.1402 2.21     
Purchased Feed Input Price    0.2891 0.0514 5.62     
Capital Input Price    0.1428 0.1471 0.97     
Crop Input Price    0.0762 0.0603 1.26     
Milk Output    0.5728 0.0465 12.29     
Other Output      0.1002 0.0191 5.23     
(Milk Output)
2   0.0493 0.0062 7.85     
(Milk Output)*(Other Output)    -0.0229 0.0028 -8.17     
(Other Output)
2   0.0280 0.0024 11.24     
Other Output Dummy    -0.0540 0.0386 -1.40     
Time   -0.0028 0.0028 -1.00     
Constant   1.8264 0.1875 9.74     
          
          
Efficiency Term     Coef   Std Err  Z     
       Net Farm Income per Cow from the 
Previous Year  -0.0406 0.0029 -13.83     
      
Age 0.0700 0.0232 3.01     
      
Education -0.1808 0.0339 -5.32     
      
Cows -0.0866 0.0157 -5.51     
      
Milking Frequency  -0.0205 0.0137 -1.5     
      
DFBS Participation at least 4 years  -0.0131 0.0132 -0.99     
      
DFBS Participation at least 7 years  0.0181 0.0140 1.3     
      
DFBS Participation at least 10 years  -0.0487 0.0172 -2.83     
      
Net Farm Income Dummy  -0.0147 0.0142 -1.04     
      
Constant 0.7232 0.1557 4.64     
          
σ
2
u   0.0087 0.0012 7.116385     
          
σ
2
v   0.0060 0.0004 12.50124     
          
γ     0.5901 0.0465 12.68057      
 152
Table A.38: Cost Frontier Results Model 6 
Cost Frontier Function, Truncated Normal/Half-Normal Model 
Number of Observations    2358          
Log Likelihood     2083.883             
            
Cost Function     Coef   Std Err  Z        
Labor Input Price    0.2616 0.1419 1.84       
Purchased Feed Input Price    0.2882 0.0539 5.35       
Capital Input Price    0.2260 0.1466 1.54       
Crop Input Price    0.0335 0.0629 0.53       
Milk Output    0.4294 0.0374 11.47       
Other Output      0.0815 0.0183 4.44       
(Milk Output)
2   0.0587 0.0057 10.18       
(Milk Output)*(Other Output)    -0.0205 0.0026 -7.69       
(Other Output)
2   0.0286 0.0024 11.69       
Other Output Dummy    -0.0442 0.0359 -1.23       
Time   0.0019 0.0029 0.67       
Constant   2.4663 18.3202 0.13       
            
            
Efficiency Term     Coef   Std Err  Z        
         Net Farm Income per Cow from the 
Previous Year  -0.0288 0.0010 -27.30      
        
Age  0.0489 0.0125 3.90      
        
Education -0.0887 0.0164 -5.38       
        
Milking Frequency  0.0139 0.0060 2.30       
        
DFBS Participation at least 4 years  -0.0170 0.0087 -1.95       
        
DFBS Participation at least 7 years  0.0007 0.0076 0.09      
        
DFBS Participation at least 10 years  -0.0434 0.0085 -5.1       
        
Net Farm Income Dummy  -0.0064 0.0068 -0.93       
        
Constant 0.3576 18.3199 0.02       
            
σ
2
u   0.0012 0.2189 0.005715       
            
σ
2
v   0.0087 0.2189 0.039949       
            
γ     0.1251 21.8991 0.005715        
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Table A.39: Cost Frontier Results Model 7 
Cost Frontier Function, Heteroscedastic Normal/Half-Normal Model    
                  
Number  of  Observations    3351             
Log Likelihood    2545.942                 
                  
                  
Cost Function    Coef   Std Err Z            
Labor Input Price    0.1982 0.1209 1.64            
Purchased Feed Input Price    0.2474 0.0442 5.60            
Capital Input Price    0.2159 0.1014 2.13            
Crop Input Price    0.0626 0.0528 1.19            
Milk  Output    0.4266 0.0322 13.26          
Other Output      0.0485 0.0159 3.05            
(Milk  Output)2    0.0561 0.0050 11.33          
(Milk Output)*(Other Output)    -0.0172 0.0023 -7.58            
(Other  Output)2    0.0276 0.0020 13.87          
Other  Output  Dummy    -0.0301 0.0307 -0.98          
Time    -0.0020 0.0023 -0.88          
Constant    2.8956 0.1102 26.27          
                  
    Efficiency Term Variance  Residual Variance         
    Coef   Std Err Z  Coef   Std Err  Z     
                 Operator Value of Labor and 
Management per Cow  -0.1170 0.1379 -0.85 0.0516  0.0664  0.78      
                
Age  1.0629 0.3784 2.81 -0.1706  0.1824 -0.94    
                
Education  -2.3398 0.5747 -4.07 -0.4425  0.2319 -1.91    
                
Cows  0.5539 0.1945 2.85 -0.5271  0.0670 -7.87    
                
Milking  Frequency  0.0882 0.1552 0.57 -0.2924  0.0910 -3.21    
                 DFBS Participation at least 4 
years  -0.2963 0.1870 -1.58 0.0468  0.0801  0.58    
                 DFBS Participation at least 7 
years  -0.1222 0.2032 -0.60 0.0248  0.0914  0.27    
                 DFBS Participation at least 10 
years  -0.6728 0.3316 -2.03 0.3472  0.1163  2.98    
                
Constant -5.7320 2.1678 -2.64 -0.2291  0.9679  -0.24    
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Table A.40: Cost Frontier Results Model 8 
Cost Frontier Function, Heteroscedastic Normal/Half-Normal Model       
                        
Number of Observations    3351              
Log Likelihood    2523.61              
                        
                  
Cost Function    Coef   Std Err  Z         
Labor Input Price    0.2175 0.1208 1.80           
Purchased Feed Input Price    0.2488 0.0442 5.62          
Capital Input Price    0.2216 0.0959 2.31          
Crop Input Price    0.0561 0.0574 0.98          
Milk Output    0.4074 0.0331 12.31          
Other Output      0.0564 0.0168 3.35          
(Milk Output)
2   0.0600 0.0050 12.03          
(Milk Output)*(Other Output)    -0.0173 0.0024 -7.23          
(Other Output)
2   0.0268 0.0024 11.07          
Other Output Dummy    -0.0017 0.0371 -0.05          
Time   -0.0023 0.0024 -0.99          
Constant   2.8664 0.1201 23.86         
                         
Efficiency Term Variance    Residual Variance      
  Coef   Std Err  Z  Coef   Std Err  Z     
                 Operator Value of Labor and 
Management per Cow  -0.1349 0.1115 -1.21 0.4237 0.0694 6.10    
                
Age 1.1114 0.2831 3.93 -0.3135  0.2178 -1.44    
                
Education -2.3787 0.4212 -5.65 -0.1893  0.3047 -0.62    
                
Milking Frequency  0.0779 0.1404 0.56 -0.5900  0.0985 -5.99    
                 DFBS Participation at least 4 
years -0.3716 0.1501 -2.47 0.0797  0.0950 0.84    
                 DFBS Participation at least 7 
years  -0.0936 0.1732 -0.54 0.0589 0.1091 0.54    
                 DFBS Participation at least 10 
years -0.1877 0.2323 -0.81 0.2914  0.1492 1.95    
                
Constant -2.3508 1.4844 -1.58 -3.2737  1.1954 -2.74    
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Table A.41: Cost Frontier Results Model 9 
Cost Frontier Function, Heteroscedastic Normal/Half-Normal Model       
                        
Number of Observations    2358              
Log Likelihood    2101.71              
                        
                  
Cost Function    Coef   Std Err  Z         
Labor Input Price    0.2847 0.1376 2.07          
Purchased Feed Input Price    0.3331 0.0505 6.6          
Capital Input Price    0.1678 0.1452 1.16          
Crop Input Price    0.0551 0.0533 1.03          
Milk Output    0.4932 0.0354 13.94          
Other Output      0.0887 0.0179 4.95          
(Milk Output)
2   0.0543 0.0055 9.94          
(Milk Output)*(Other Output)    -0.0210 0.0028 -7.53          
(Other Output)
2   0.0267 0.0019 13.84          
Other Output Dummy    -0.0511 0.0309 -1.65          
Time   -0.0009 0.0026 -0.36          
Constant   2.3461 0.1299 18.06         
                         
Efficiency Term Variance    Residual Variance      
  Coef   Std Err  Z  Coef   Std Err  Z     
                 Net Farm Income per Cow 
from the Previous Year  -0.4498 0.0433 -10.38 0.3316 0.0718 4.62    
                
Age 0.6563 0.3475 1.89 -0.4108  0.2570 -1.6    
                
Education -2.1152 0.4838 -4.37 0.5893  0.3297 1.79    
                
Cows -0.1898 0.1230 -1.54 -0.3334  0.0617 -5.4    
                
Milking Frequency  -0.0242 0.1543 -0.16 -0.3367  0.1102 -3.05    
                 DFBS Participation at least 4 
years  -0.3336 0.1840 -1.81 0.3766 0.1217 3.09    
                 DFBS Participation at least 7 
years 0.3740 0.1868 2 -0.1288  0.1159 -1.11    
                 DFBS Participation at least 10 
years -1.1508 0.2678 -4.3 0.6621  0.1565 4.23    
                
Net Farm Income Dummy  -0.2966 0.2574 -1.15 0.2130  0.1298 1.64    
                
Constant -0.5362 1.8895 -0.28 -3.9759  1.4164 -2.81     
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Table A.42: Cost Frontier Results Model 10 
Cost Frontier Function, Heteroscedastic Normal/Half-Normal Model     
                        
Number  of  Observations    2358            
Log  Likelihood    2078.1            
                        
                 
Cost Function    Coef   Std Err  Z         
Labor Input Price    0.3303 0.1392 2.37          
Purchased Feed Input Price    0.3455 0.0507 6.82          
Capital Input Price    0.1344 0.1445 0.93          
Crop Input Price    0.0583 0.0550 1.06          
Milk  Output    0.4691 0.0354 13.25        
Other Output      0.0883 0.0170 5.19          
(Milk Output)
2    0.0565 0.0055 10.27        
(Milk Output)*(Other Output)    -0.0207 0.0026 -7.97          
(Other Output)
2    0.0266 0.0018 14.55        
Other  Output  Dummy    -0.0386 0.0281 -1.37        
Time    -0.0013 0.0026 -0.51        
Constant   2.4528 0.1246 19.68         
                         
Efficiency Term Variance    Residual Variance      
  Coef   Std Err  Z  Coef   Std Err  Z     
                Net Farm Income per Cow 
from the Previous Year  -0.4472 0.0400 -11.18 0.3895 0.0703 5.54    
               
Age 0.6610 0.3303 2 -0.4491  0.2604 -1.72    
               
Cows -2.1245 0.4686 -4.53 0.4880  0.3342 1.46    
               
Milking Frequency  -0.1685 0.1392 -1.21 -0.7607  0.0930 -8.18    
                DFBS Participation at least 4 
years -0.3812 0.1738 -2.19 0.3160  0.1225 2.58    
                DFBS Participation at least 7 
years 0.3565 0.1807 1.97 -0.1402  0.1169 -1.2    
                DFBS Participation at least 10 
years -1.0566 0.2419 -4.37 0.6630  0.1576 4.21    
               
Net Farm Income Dummy  -0.2897 0.2475 -1.17 0.2266  0.1271 1.78    
               
Constant -1.2934 1.7557 -0.74 -5.1435  1.4338 -3.59    
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Table A.43: Revenue Frontier Results Model 1 
Revenue Frontier Function, Truncated Normal/Half-Normal Model 
Number of Observations  3351     
Log Likelihood  2457.589       
Revenue Function      
Variable  Coef  Std Err   Z 
Other Output Price  0.1621  0.3246  0.50
(Other Output Price)
2 0.9399  0.3647  2.58
Operator Labor  -0.1243  0.0644  -1.93
Hired Labor  0.0673  0.0381  1.76
Purchased Feed  0.1281  0.0848  1.51
Livestock 0.3146  0.0973  3.23
Capital -0.3478  0.1134  -3.07
Crops 0.0858  0.0620  1.38
(Operator Labor)
2 -0.0065  0.0117  -0.56
(Operator Labor)*(Hired Labor)  -0.0328  0.0073  -4.50
(Operator Labor)*(Purchased Feed)  -0.0233  0.0146  -1.59
(Operator Labor)*(Livestock)  0.0280  0.0168  1.67
(Operator Labor)*(Capital)  0.0285  0.0177  1.61
(Operator Labor)*(Crops)  0.0182  0.0110  1.65
(Hired Labor)
2 0.0199  0.0044  4.51
(Hired Labor)*(Purchased Feed)  -0.0056  0.0059  -0.94
(Hired Labor)*(Livestock)  0.0057  0.0078  0.74
(Hired Labor)*(Capital)  0.0065  0.0077  0.84
(Hired Labor)*(Crops)  0.0044  0.0045  0.98
(Purchased Feed)
2 0.1667  0.0194  8.59
(Purchased Feed)*(Livestock)  -0.0435  0.0217  -2.00
(Purchased Feed)*(Capital)  -0.0428  0.0224  -1.91
(Purchased Feed)*(Crops)  -0.0471  0.0125  -3.76
(Livestock)
2 0.0153  0.0327  0.47
(Livestock)*(Capital) -0.0185  0.0281  -0.66
(Livestock)*(Crops) 0.0156  0.0150  1.04
(Capital)
2 0.1162  0.0389  2.99
(Capital)*(Crops) -0.0147  0.0146  -1.00
(Crops)
2 0.0387  0.0077  5.01
(Other Output Price)*(Operator Labor)  0.0750  0.0553  1.36
(Other Output Price)*(Hired Labor)  0.0248  0.0322  0.77
(Other Output Price)*(Purchased Feed)  0.0433  0.0765  0.57
(Other Output Price)*(Livestock)  -0.0382  0.0861  -0.44
(Other Output Price)*(Capital)  -0.0493  0.0923  -0.53
(Other Output Price)*(Crops)  -0.0210  0.0510  -0.41
Hired Labor Dummy  -0.1521  0.0430  -3.54
Crops Dummy  0.0375  0.1216  0.31
Time (1993 = 1)  0.0015 0.0009  1.70
Constant 5.3392  0.3266  16.35
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Table A.43 (continued) 
Efficiency Term        
Variable  Coef  Std Err   Z 
       Operator Value of Labor and Management per 
Cow  -0.0991 0.0092 -10.80
    
Age  0.0698 0.0170 4.10
    
Education  -0.1610 0.0225 -7.17
    
Cows -0.3172 0.0146  -21.72
    
Milking Frequency  -0.0017 0.0096 -0.18
    
DFBS Participation at least 4 years  -0.0235 0.0074 -3.18
    
DFBS Participation at least 7 years  -0.0439 0.0096 -4.59
    
DFBS Participation at least 10 years  0.0186 0.0143  1.30
    
Constant  1.9994 0.1211 16.52
          
σ
2
u       0.0127 0.0007  17.27
          
σ
2
v       0.0053 0.0004  13.21
          
γ       0.7047 0.0240  29.34
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Table A.44: Revenue Frontier Results Model 2 
Revenue Frontier Function, Truncated Normal/Half-Normal Model 
Number of Observations  3351     
Log Likelihood  2257.43       
Revenue Function      
Variable  Coef  Std Err   Z 
Other Output Price  0.0671  0.3496  0.19
(Other Output Price)
2 1.3789  0.3860  3.57
Operator Labor  0.1313  0.0607  2.16
Hired Labor  0.0494  0.0406  1.22
Purchased Feed  0.3343  0.0901  3.71
Livestock 0.4860  0.1029  4.72
Capital 0.0303  0.1172  0.26
Crops 0.0891  0.0641  1.39
(Operator Labor)
2 -0.0076  0.0112  -0.68
(Operator Labor)*(Hired Labor)  -0.0390  0.0075  -5.17
(Operator Labor)*(Purchased Feed)  -0.0371  0.0155  -2.39
(Operator Labor)*(Livestock)  0.0152  0.0179  0.85
(Operator Labor)*(Capital)  0.0354  0.0191  1.86
(Operator Labor)*(Crops)  0.0147  0.0117  1.26
(Hired Labor)
2 0.0183  0.0049  3.77
(Hired Labor)*(Purchased Feed)  -0.0032  0.0058  -0.56
(Hired Labor)*(Livestock)  0.0050  0.0077  0.65
(Hired Labor)*(Capital)  0.0169  0.0078  2.16
(Hired Labor)*(Crops)  0.0010  0.0047  0.21
(Purchased Feed)
2 0.2029  0.0190  10.69
(Purchased Feed)*(Livestock)  -0.0747  0.0216  -3.46
(Purchased Feed)*(Capital)  -0.0752  0.0236  -3.19
(Purchased Feed)*(Crops)  -0.0331  0.0133  -2.48
(Livestock)
2 0.0352  0.0340  1.03
(Livestock)*(Capital) -0.0054  0.0292  -0.19
(Livestock)*(Crops) -0.0005  0.0154  -0.03
(Capital)
2 0.0718  0.0395  1.82
(Capital)*(Crops) -0.0063  0.0146  -0.43
(Crops)
2 0.0381  0.0072  5.32
(Other Output Price)*(Operator Labor)  0.1295  0.0613  2.11
(Other Output Price)*(Hired Labor)  0.0439  0.0360  1.22
(Other Output Price)*(Purchased Feed)  0.0621  0.0812  0.76
(Other Output Price)*(Livestock)  -0.0779  0.0930  -0.84
(Other Output Price)*(Capital)  -0.0789  0.0989  -0.8
(Other Output Price)*(Crops)  -0.0248  0.0549  -0.45
Hired Labor Dummy  -0.1262  0.0483  -2.62
Crops Dummy  0.1091  0.1262  0.86
Time (1993 = 1)  0.0024 0.0009 2.68
Constant 1.2697  0.2456  5.17
  
 160
 
 
 
 
Table A.44 (continued) 
Efficiency Term        
Variable  Coef  Std Err   Z 
      
Operator Value of Labor and Management per Cow  0.7512 0.4788 1.57
    
Age 2.2485 1.4352  1.57
    
Education  -5.6391 3.2653 -1.73
    
Milking Frequency  -2.9227 1.8556 -1.58
    
DFBS Participation at least 4 years  -0.4948 0.4011 -1.23
    
DFBS Participation at least 7 years  -1.6073 1.0913  -1.47
    
DFBS Participation at least 10 years  1.5057 1.1144 1.35
    
Constant  1.0316 3.5165 0.29
          
σ
2
u       0.4529 0.2641  1.71
          
σ
2
v       0.0091 0.0004  20.50
          
γ       0.9804 0.0111  88.19
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Table A.45: Revenue Frontier Results Model 3 
Revenue Frontier Function, Truncated Normal/Half-Normal Model, Time-invariant 
Number of Observations  3375      
Log Likelihood  2610.812         
Revenue Function        
Variable  Coef  Std Err   Z    
Other Output Price  -0.0482 0.2958  -0.16  
(Other Output Price)
2 1.3119 0.3096  4.24  
Operator Labor  0.0044 0.0695  0.06  
Hired Labor  0.0481 0.0403  1.19  
Purchased Feed  0.2686 0.0964  2.79  
Livestock 0.6251 0.1099  5.69  
Capital -0.0354 0.1275  -0.28  
Crops 0.1373 0.0728  1.89  
(Operator Labor)
2 0.0154 0.0116  1.33  
(Operator Labor)*(Hired Labor)  -0.0278 0.0072  -3.88  
(Operator Labor)*(Purchased Feed)  -0.0299 0.0162  -1.85  
(Operator Labor)*(Livestock)  -0.0078 0.0188  -0.41  
(Operator Labor)*(Capital)  0.0465 0.0210  2.22  
(Operator Labor)*(Crops)  0.0086 0.0123  0.70  
(Hired Labor)
2 0.0166 0.0043  3.89  
(Hired Labor)*(Purchased Feed)  -0.0070 0.0056  -1.23  
(Hired Labor)*(Livestock)  0.0093 0.0073  1.28  
(Hired Labor)*(Capital)  0.0089 0.0072  1.25  
(Hired Labor)*(Crops)  0.0002 0.0042  0.05  
(Purchased Feed)
2 0.2231 0.0198  11.26  
(Purchased Feed)*(Livestock)  -0.0888 0.0216  -4.11  
(Purchased Feed)*(Capital)  -0.0907 0.0230  -3.95  
(Purchased Feed)*(Crops)  -0.0102 0.0129  -0.79  
(Livestock)
2 0.0368 0.0324  1.13  
(Livestock)*(Capital) 0.0055 0.0286  0.19  
(Livestock)*(Crops) -0.0043 0.0151  -0.29  
(Capital)
2 0.0991 0.0398  2.49  
(Capital)*(Crops) -0.0280 0.0147  -1.90  
(Crops)
2 0.0389 0.0070  5.55  
(Other Output Price)*(Operator Labor)  0.1204 0.0521  2.31  
(Other Output Price)*(Hired Labor)  0.0470 0.0262  1.79  
(Other Output Price)*(Purchased Feed)  0.0094 0.0666  0.14  
(Other Output Price)*(Livestock)  -0.0232 0.0795  -0.29  
(Other Output Price)*(Capital)  -0.0575 0.0826  -0.70  
(Other Output Price)*(Crops)  -0.0320 0.0452  -0.71  
Hired Labor Dummy  -0.0677 0.0387  -1.75  
Crops Dummy  0.0171 0.1194  0.14  
Time (1993 = 1)  0.0036 0.0007 4.92  
Constant 1.5226 0.3103  4.91  
 
 
  
 162
 
 
 
 
 
Table A.45 (continued) 
Efficiency Term        
Variable  Coef  Std Err   Z 
µ       -0.0067 0.0888  -0.07
          
σ
2
u       0.0346 0.0113  3.05
          
σ
2
v       0.0087 0.0002  35.49
          
γ       0.7998 0.0524  15.25
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Table A.46: Revenue Functions Results Model 4 
OLS          
Number of Observations  3375    
R
2  0.9836      
Revenue Function      
Variable Coef  Std  Err  Z 
Other Output Price  -0.1909 0.3887  -0.49
(Other Output Price)
2 1.0146 0.4172  2.43
Operator Labor  0.1441 0.0685  2.10
Hired Labor  0.0739 0.0400  1.85
Purchased Feed  0.3206 0.0966  3.32
Livestock 0.6250 0.1135  5.50
Capital -0.0149 0.1272  -0.12
Crops 0.0375 0.0687  0.55
(Operator Labor)
2 -0.0148 0.0128  -1.16
(Operator Labor)*(Hired Labor)  -0.0399 0.0074  -5.36
(Operator Labor)*(Purchased Feed)  -0.0305 0.0168  -1.82
(Operator Labor)*(Livestock)  0.0108 0.0200  0.54
(Operator Labor)*(Capital)  0.0389 0.0208  1.87
(Operator Labor)*(Crops)  0.0115 0.0124  0.93
(Hired Labor)
2 0.0107 0.0046  2.34
(Hired Labor)*(Purchased Feed)  -0.0028 0.0060  -0.47
(Hired Labor)*(Livestock)  0.0059 0.0080  0.74
(Hired Labor)*(Capital)  0.0178 0.0078  2.29
(Hired Labor)*(Crops)  0.0010 0.0045  0.22
(Purchased Feed)
2 0.2017 0.0197  10.22
(Purchased Feed)*(Livestock)  -0.0692 0.0231  -3.00
(Purchased Feed)*(Capital)  -0.0626 0.0238  -2.63
(Purchased Feed)*(Crops)  -0.0546 0.0133  -4.1
(Livestock)
2 0.0000 0.0369  0.00
(Livestock)*(Capital) -0.0134 0.0312  -0.43
(Livestock)*(Crops) 0.0257 0.0161  1.59
(Capital)
2 0.0629 0.0415  1.52
(Capital)*(Crops) 0.0026 0.0154  0.17
(Crops)
2 0.0348 0.0080  4.37
(Other Output Price)*(Operator Labor)  0.1322 0.0685  1.93
(Other Output Price)*(Hired Labor)  0.0552 0.0327  1.69
(Other Output Price)*(Purchased Feed)  0.0220 0.0861  0.26
(Other Output Price)*(Livestock)  0.0320 0.1026  0.31
(Other Output Price)*(Capital)  -0.0867 0.1073  -0.81
(Other Output Price)*(Crops)  -0.0627 0.0578  -1.08
Hired Labor Dummy  -0.0735 0.0436  -1.69
Crops Dummy  0.1599 0.1204  1.33
Time (1993 = 1)  0.0029 0.0009 3.32
Constant 0.9080 0.2759  3.29
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Table A.47: Revenue Frontier Results Model 5 
Revenue Frontier Function, Truncated Normal/Half-Normal Model 
Number of Observations  2358    
Log Likelihood  2366.74      
Revenue Function      
Variable  Coef  Std Err   Z 
Other Output Price  0.8589 0.2991  2.87
(Other Output Price)
2 0.2419 0.3395  0.71
Operator Labor  -0.0371 0.0584  -0.64
Hired Labor  0.0112 0.0353  0.32
Purchased Feed  0.1914 0.0816  2.34
Livestock 0.2537 0.0935  2.71
Capital -0.1290 0.1042  -1.24
Crops 0.1357 0.0573  2.37
(Operator Labor)
2 -0.0064 0.0110  -0.58
(Operator Labor)*(Hired Labor)  -0.0259 0.0068  -3.79
(Operator Labor)*(Purchased Feed)  -0.0240 0.0144  -1.66
(Operator Labor)*(Livestock)  0.0153 0.0166  0.92
(Operator Labor)*(Capital)  0.0331 0.0166  1.99
(Operator Labor)*(Crops)  0.0106 0.0105  1.01
(Hired Labor)
2 0.0106 0.0042  2.49
(Hired Labor)*(Purchased Feed)  0.0031 0.0059  0.52
(Hired Labor)*(Livestock)  -0.0030 0.0084  -0.36
(Hired Labor)*(Capital)  0.0131 0.0068  1.90
(Hired Labor)*(Crops)  0.0066 0.0042  1.55
(Purchased Feed)
2 0.1924 0.0220  8.74
(Purchased Feed)*(Livestock)  -0.0759 0.0227  -3.33
(Purchased Feed)*(Capital)  -0.0634 0.0226  -2.81
(Purchased Feed)*(Crops)  -0.0346 0.0123  -2.80
(Livestock)
2 0.0636 0.0329  1.93
(Livestock)*(Capital) 0.0012 0.0274  0.05
(Livestock)*(Crops) 0.0040 0.0141  0.28
(Capital)
2 0.0873 0.0362  2.41
(Capital)*(Crops) -0.0197 0.0134  -1.47
(Crops)
2 0.0394 0.0064  6.10
(Other Output Price)*(Operator Labor)  0.0360 0.0521  0.69
(Other Output Price)*(Hired Labor)  0.0078 0.0287  0.27
(Other Output Price)*(Purchased Feed)  0.0493 0.0706  0.70
(Other Output Price)*(Livestock)  -0.0041 0.0809  -0.05
(Other Output Price)*(Capital)  -0.0670 0.0842  -0.80
(Other Output Price)*(Crops)  -0.0565 0.0469  -1.21
Hired Labor Dummy  -0.0714 0.0395  -1.81
Time (1993 = 1)  -0.0031 0.0009 -3.29
Constant 4.2294 0.2684  15.75
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Table A.47 (continued) 
Efficiency Term        
Variable  Coef  Std Err   Z 
      
Net Farm Income per Cow from the Previous Year  -0.0431        0.0011  -36.23
    
Age  0.0396 0.0149 2.64
    
Education  -0.1672 0.0193 -8.65
    
Cows -0.2017 0.0109  -18.40
    
Milking Frequency  -0.0069 0.0073 -0.94
    
DFBS Participation at least 4 years  -0.0244 0.0065 -3.74
    
DFBS Participation at least 7 years  0.0030 0.0070 0.44
    
DFBS Participation at least 10 years  -0.0163 0.0100  -1.63
    
Net Farm Income Dummy  -0.0075 0.0077 -0.97
    
Constant  1.5490 0.1043 14.84
            
σ
2
u       0.0053 0.0004  10.80
            
σ
2
v       0.0040 0.0003  10.98
            
γ       0.5699 0.0421  13.51
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Table A.48: Revenue Frontier Results Model 6 
Revenue Frontier Function, Truncated Normal/Half-Normal Model 
Number of Observations  2358     
Log Likelihood  2212.835       
Revenue Function      
Variable Coef  Std  Err  Z 
Other Output Price  0.0647  0.3256 0.2
(Other Output Price)
2 0.4937  0.3756 1.31
Operator Labor  -0.0352  0.0638 -0.55
Hired Labor  0.0226  0.0361 0.63
Purchased Feed  0.3720  0.0866 4.29
Livestock 0.2923  0.1012 2.89
Capital 0.1737  0.1122 1.55
Crops 0.1695  0.0605 2.8
(Operator Labor)
2 0.0021  0.0119 0.17
(Operator Labor)*(Hired Labor)  -0.0298  0.0069 -4.29
(Operator Labor)*(Purchased Feed)  -0.0200  0.0153 -1.31
(Operator Labor)*(Livestock)  0.0093  0.0179 0.52
(Operator Labor)*(Capital)  0.0407  0.0183 2.23
(Operator Labor)*(Crops)  -0.0007  0.0112 -0.07
(Hired Labor)
2 0.0115  0.0043 2.68
(Hired Labor)*(Purchased Feed)  0.0031  0.0060 0.51
(Hired Labor)*(Livestock)  -0.0061  0.0084 -0.72
(Hired Labor)*(Capital)  0.0186  0.0069 2.7
(Hired Labor)*(Crops)  0.0063  0.0043 1.46
(Purchased Feed)
2 0.2332  0.0222 10.5
(Purchased Feed)*(Livestock)  -0.0975  0.0232 -4.2
(Purchased Feed)*(Capital)  -0.1029  0.0232 -4.43
(Purchased Feed)*(Crops)  -0.0357  0.0127 -2.82
(Livestock)
2 0.0617  0.0350 1.76
(Livestock)*(Capital) 0.0344  0.0290 1.18
(Livestock)*(Crops) -0.0030  0.0146 -0.21
(Capital)
2 0.0366  0.0375 0.98
(Capital)*(Crops) -0.0055  0.0138 -0.39
(Crops)
2 0.0388  0.0066 5.9
(Other Output Price)*(Operator Labor)  0.0385  0.0581 0.66
(Other Output Price)*(Hired Labor)  0.0148  0.0289 0.51
(Other Output Price)*(Purchased Feed)  0.0572  0.0738 0.77
(Other Output Price)*(Livestock)  0.0577  0.0875 0.66
(Other Output Price)*(Capital)  0.0258  0.0909 0.28
(Other Output Price)*(Crops)  -0.1156  0.0501 -2.31
Hired Labor Dummy  -0.0474  0.0392 -1.21
Time (1993 = 1)  -0.0052 0.0011 -4.61
Constant 1.7675  16.2806 0.11
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Table A.48 (continued) 
Efficiency Term        
Variable  Coef  Std Err   Z 
      
Net Farm Income per Cow from the Previous Year  -0.0415 0.0010 -39.86
    
Age 0.0479 0.0129  3.71
    
Education  -0.1015 0.0162 -6.25
    
Milking Frequency  0.0015 0.0059 0.26
    
DFBS Participation at least 4 years  -0.0309 0.0061 -5.1
    
DFBS Participation at least 7 years  0.0050 0.0059  0.85
    
DFBS Participation at least 10 years  -0.0154 0.0079 -1.96
    
Net Farm Income Dummy  -0.0061 0.0065 -0.93
    
Constant  0.3380 16.2789 0.02
          
σ
2
u       0.0002 0.0875  0.002746
          
σ
2
v       0.0087 0.0875  0.099668
          
γ       0.0268 9.7642  0.002746
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Table A.49: Revenue Frontier Results Model 7 
Revenue Frontier Function, Heteroscedastic Normal/Half-Normal Model 
Number of Observations  3351     
Log Likelihood  2442.262       
Revenue Function      
Variable  Coef  Std Err   Z 
Other Output Price  0.3183  0.3381 0.94
(Other Output Price)
2 1.2282  0.3569 3.44
Operator Labor  0.0244  0.0676 0.36
Hired Labor  0.0487  0.0412 1.18
Purchased Feed  0.2767  0.0891 3.10
Livestock 0.3912  0.0997 3.93
Capital 0.0446  0.1145 0.39
Crops 0.0683  0.0659 1.04
(Operator Labor)
2 -0.0076  0.0122 -0.62
(Operator Labor)*(Hired Labor)  -0.0367  0.0077 -4.78
(Operator Labor)*(Purchased Feed)  -0.0292  0.0150 -1.95
(Operator Labor)*(Livestock)  0.0236  0.0168 1.40
(Operator Labor)*(Capital)  0.0192  0.0173 1.10
(Operator Labor)*(Crops)  0.0264  0.0112 2.35
(Hired Labor)
2 0.0180  0.0048 3.76
(Hired Labor)*(Purchased Feed)  -0.0051  0.0062 -0.82
(Hired Labor)*(Livestock)  0.0079  0.0083 0.95
(Hired Labor)*(Capital)  0.0115  0.0083 1.40
(Hired Labor)*(Crops)  0.0056  0.0048 1.15
(Purchased Feed)
2 0.2054  0.0210 9.78
(Purchased Feed)*(Livestock)  -0.0716  0.0225 -3.18
(Purchased Feed)*(Capital)  -0.0725  0.0234 -3.11
(Purchased Feed)*(Crops)  -0.0392  0.0133 -2.94
(Livestock)
2 0.0423  0.0328 1.29
(Livestock)*(Capital) -0.0112  0.0283 -0.40
(Livestock)*(Crops) -0.0008  0.0153 -0.05
(Capital)
2 0.0901  0.0397 2.27
(Capital)*(Crops) -0.0103  0.0155 -0.67
(Crops)
2 0.0384  0.0080 4.81
(Other Output Price)*(Operator Labor)  0.1012  0.0569 1.78
(Other Output Price)*(Hired Labor)  0.0602  0.0345 1.74
(Other Output Price)*(Purchased Feed)  0.0322  0.0787 0.41
(Other Output Price)*(Livestock)  -0.0845  0.0862 -0.98
(Other Output Price)*(Capital)  -0.0577  0.0926 -0.62
(Other Output Price)*(Crops)  -0.0333  0.0518 -0.64
Hired Labor Dummy  -0.0981  0.0481 -2.04
Crops Dummy  0.1009  0.1291 0.78
Time (1993 = 1)  0.0022 0.0009 2.59
Constant 2.2809  0.2712 8.41
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Table A.49 (continued) 
Efficiency Term Variance      
Variable  Coef  Std Err   Z 
       Operator Value of Labor and 
Management per Cow  -0.8931 0.1199 -7.45
    
Age 0.8564 0.2402  3.57
    
Education -2.0341 0.3199  -6.36
    
Cows -1.8561 0.1341  -13.84
    
Milking Frequency  0.0748 0.1317 0.57
    
DFBS Participation at least 4 years  -0.2402 0.1013  -2.37
    
DFBS Participation at least 7 years  -0.4067 0.1497  -2.72
    
DFBS Participation at least 10 years  0.4169 0.1951  2.14
    
Constant 7.4194 1.4547  5.1
        
Residual Term Variance      
Variable  Coef  Std Err   Z 
       Operator Value of Labor and 
Management per Cow  0.3579 0.0879 4.07
    
Age -0.7310 0.2251  -3.25
    
Education -0.1043 0.3210  -0.32
    
Cows 0.1479 0.0795  1.86
    
Milking Frequency  -0.3219 0.1019  -3.16
    
DFBS Participation at least 4 years  0.0498 0.0946  0.53
    
DFBS Participation at least 7 years  0.0928 0.1028  0.9
    
DFBS Participation at least 10 years  0.0643 0.1431  0.45
    
Constant -2.7287 1.2815  -2.13
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Table A.50: Revenue Frontier Results Model 8 
Revenue Frontier Function, Heteroscedastic Normal/Half-Normal Model 
Number of Observations  3351     
Log Likelihood  2304.999       
Revenue Function      
Variable  Coef  Std Err   Z 
Other Output Price  0.0781  0.3311  0.24
(Other Output Price)
2 1.2688  0.3763  3.37
Operator Labor  0.1408  0.0525  2.68
Hired Labor  0.0935  0.0415  2.25
Purchased Feed  0.3240  0.0884  3.66
Livestock 0.4852  0.0989  4.91
Capital 0.0314  0.1135  0.28
Crops 0.0896  0.0629  1.43
(Operator Labor)
2 -0.0074  0.0099  -0.75
(Operator Labor)*(Hired Labor)  -0.0420  0.0077  -5.46
(Operator Labor)*(Purchased Feed)  -0.0283  0.0155  -1.82
(Operator Labor)*(Livestock)  0.0176  0.0171  1.03
(Operator Labor)*(Capital)  0.0165  0.0179  0.92
(Operator Labor)*(Crops)  0.0254  0.0111  2.28
(Hired Labor)
2 0.0205  0.0049  4.22
(Hired Labor)*(Purchased Feed)  -0.0032  0.0063  -0.51
(Hired Labor)*(Livestock)  -0.0001  0.0083  -0.01
(Hired Labor)*(Capital)  0.0138  0.0082  1.69
(Hired Labor)*(Crops)  0.0051  0.0048  1.05
(Purchased Feed)
2 0.2091  0.0196  10.69
(Purchased Feed)*(Livestock)  -0.0761  0.0220  -3.46
(Purchased Feed)*(Capital)  -0.0770  0.0236  -3.26
(Purchased Feed)*(Crops)  -0.0425  0.0133  -3.19
(Livestock)
2 0.0443  0.0333  1.33
(Livestock)*(Capital) -0.0138  0.0291  -0.47
(Livestock)*(Crops) 0.0040  0.0153  0.26
(Capital)
2 0.1053  0.0399  2.64
(Capital)*(Crops) -0.0162  0.0151  -1.07
(Crops)
2 0.0421  0.0080  5.26
(Other Output Price)*(Operator Labor)  0.1131  0.0573  1.98
(Other Output Price)*(Hired Labor)  0.0398  0.0353  1.13
(Other Output Price)*(Purchased Feed)  0.0460  0.0799  0.58
(Other Output Price)*(Livestock)  -0.0703  0.0892  -0.79
(Other Output Price)*(Capital)  -0.0463  0.0961  -0.48
(Other Output Price)*(Crops)  -0.0330  0.0526  -0.63
Hired Labor Dummy  -0.1299  0.0480  -2.71
Crops Dummy  0.0948  0.1265  0.75
Time (1993 = 1)  0.0015 0.0009  1.68
Constant 1.1636  0.2283  5.1
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Table A.50 (continued) 
Efficiency Term Variance      
Variable  Coef  Std Err   Z 
     Operator Value of Labor and 
Management per Cow  0.0387 0.0881 0.44
    
Age 1.2046 0.2541  4.74
    
Education -2.5585 0.3395  -7.54
    
Milking Frequency  -0.4752 0.1144  -4.15
    
DFBS Participation at least 4 years  -0.3229 0.1029 -3.14
    
DFBS Participation at least 7 years  -0.3394 0.1320  -2.57
    
DFBS Participation at least 10 years  0.2814 0.1738  1.62
    
Constant -1.7541 1.3382  -1.31
        
Residual Term Variance      
Variable  Coef  Std Err   Z 
       Operator Value of Labor and 
Management per Cow  0.4507 0.0729 6.18
    
Age -0.7721 0.2451  -3.15
    
Education 0.0686 0.3356  0.20
    
Milking Frequency  -0.4140 0.1041  -3.98
    
DFBS Participation at least 4 years  -0.0110 0.1032  -0.11
    
DFBS Participation at least 7 years  0.0893 0.1117  0.80
    
DFBS Participation at least 10 years  0.1738 0.1627  1.07
    
Constant -2.2277 1.3142  -1.70
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Table A.51: Revenue Frontier Results Model 9 
Model 9 Regression Results      
Revenue Frontier Function, Heteroscedastic Normal/Half-Normal Model 
Number of Observations  2358    
Log Likelihood  2203.809      
Revenue Function      
Variable  Coef  Std Err   Z 
Other Output Price  0.7628 0.2932  2.60
(Other Output Price)
2 0.9514 0.3468  2.74
Operator Labor  -0.0020 0.0557  -0.04
Hired Labor  -0.0175 0.0386  -0.45
Purchased Feed  0.3158 0.0866  3.65
Livestock 0.2519 0.0947  2.66
Capital 0.3167 0.1112  2.85
Crops 0.0778 0.0610  1.28
(Operator Labor)
2 -0.0083 0.0105  -0.80
(Operator Labor)*(Hired Labor)  -0.0189 0.0076  -2.47
(Operator Labor)*(Purchased Feed)  -0.0253 0.0154  -1.65
(Operator Labor)*(Livestock)  0.0157 0.0163  0.96
(Operator Labor)*(Capital)  0.0175 0.0167  1.05
(Operator Labor)*(Crops)  0.0199 0.0108  1.84
(Hired Labor)
2 0.0171 0.0050  3.38
(Hired Labor)*(Purchased Feed)  -0.0091 0.0070  -1.30
(Hired Labor)*(Livestock)  0.0042 0.0098  0.44
(Hired Labor)*(Capital)  0.0143 0.0084  1.69
(Hired Labor)*(Crops)  0.0060 0.0052  1.16
(Purchased Feed)
2 0.2196 0.0231  9.48
(Purchased Feed)*(Livestock)  -0.0695 0.0248  -2.80
(Purchased Feed)*(Capital)  -0.1081 0.0246  -4.38
(Purchased Feed)*(Crops)  -0.0209 0.0136  -1.53
(Livestock)
2 0.0365 0.0335  1.09
(Livestock)*(Capital) 0.0395 0.0298  1.32
(Livestock)*(Crops) -0.0247 0.0155  -1.60
(Capital)
2 0.0359 0.0421  0.85
(Capital)*(Crops) -0.0023 0.0153  -0.15
(Crops)
2 0.0377 0.0075  4.99
(Other Output Price)*(Operator Labor)  0.0700 0.0503  1.39
(Other Output Price)*(Hired Labor)  -0.0040 0.0355  -0.12
(Other Output Price)*(Purchased Feed)  0.0304 0.0734  0.41
(Other Output Price)*(Livestock)  -0.0001 0.0783  0.00
(Other Output Price)*(Capital)  -0.0924 0.0869  -1.06
(Other Output Price)*(Crops)  -0.0187 0.0497  -0.38
Hired Labor Dummy  -0.0598 0.0490  -1.22
Time (1993 = 1)  -0.0030 0.0009 -3.12
Constant 1.8246 0.2262  8.07
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Table A.51 (continued) 
Efficiency Term Variance          
Variable  Coef  Std Err   Z 
       Net Farm Income per Cow from the 
Previous Year  -0.4776 0.0221 -21.53
    
Age 0.4785 0.2239  2.14
    
Education -1.3932 0.2884  -4.83
    
Cows -0.7232 0.0888  -8.14
    
Milking Frequency  0.0354 0.1041  0.34
    
DFBS Participation at least 4 years  -0.2348 0.0968  -2.42
    
DFBS Participation at least 7 years  0.1987 0.1025 1.94
    
DFBS Participation at least 10 years  -0.1270 0.1428  -0.89
    
Net Farm Income Dummy  0.0576 0.1268  0.45
    
Constant 1.2341 1.2725  0.97
Residual Term Variance      
Variable  Coef  Std Err   Z 
     Net Farm Income per Cow from the 
Previous Year  1.7021 0.1565 10.88
    
Age -0.3284 0.3071  -1.07
    
Education 0.7847 0.3922  2.00
    
Cows 0.0484 0.0893  0.54
    
Milking Frequency  -0.3958 0.1321  -3.00
    
DFBS Participation at least 4 years  0.1556 0.1327  1.17
    
DFBS Participation at least 7 years  -0.1613 0.1243  -1.30
    
DFBS Participation at least 10 years  0.6175 0.1784  3.46
    
Net Farm Income Dummy  0.1791 0.1597  1.12
    
Constant -9.2396 1.7254  -5.35
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Table A.52: Revenue Efficiency Results Model 10 
Revenue Frontier Function, Heteroscedastic Normal/Half-Normal Model 
Number of Observations  2358     
Log Likelihood  2156.556       
Revenue Function      
Variable  Coef  Std Err   Z 
Other Output Price  0.7916  0.3036 2.61
(Other Output Price)
2 0.7599  0.3512 2.16
Operator Labor  0.0081  0.0586 0.14
Hired Labor  -0.0024  0.0380 -0.06
Purchased Feed  0.3387  0.0871 3.89
Livestock 0.2891  0.0963 3.00
Capital 0.3006  0.1104 2.72
Crops 0.0772  0.0608 1.27
(Operator Labor)
2 -0.0036  0.0110 -0.33
(Operator Labor)*(Hired Labor)  -0.0167  0.0073 -2.29
(Operator Labor)*(Purchased Feed)  -0.0249  0.0158 -1.57
(Operator Labor)*(Livestock)  0.0087  0.0171 0.51
(Operator Labor)*(Capital)  0.0180  0.0176 1.02
(Operator Labor)*(Crops)  0.0190  0.0110 1.71
(Hired Labor)
2 0.0204  0.0046 4.39
(Hired Labor)*(Purchased Feed)  -0.0063  0.0067 -0.95
(Hired Labor)*(Livestock)  -0.0045  0.0092 -0.49
(Hired Labor)*(Capital)  0.0127  0.0080 1.60
(Hired Labor)*(Crops)  0.0074  0.0049 1.52
(Purchased Feed)
2 0.2287  0.0231 9.86
(Purchased Feed)*(Livestock)  -0.0692  0.0244 -2.83
(Purchased Feed)*(Capital)  -0.1204  0.0247 -4.87
(Purchased Feed)*(Crops)  -0.0231  0.0135 -1.71
(Livestock)
2 0.0475  0.0333 1.43
(Livestock)*(Capital) 0.0335  0.0301 1.11
(Livestock)*(Crops) -0.0213  0.0151 -1.41
(Capital)
2 0.0601  0.0417 1.44
(Capital)*(Crops) -0.0053  0.0148 -0.36
(Crops)
2 0.0400  0.0076 5.22
(Other Output Price)*(Operator Labor)  0.0557  0.0546 1.02
(Other Output Price)*(Hired Labor)  -0.0247  0.0339 -0.73
(Other Output Price)*(Purchased Feed)  0.0550  0.0721 0.76
(Other Output Price)*(Livestock)  -0.0245  0.0792 -0.31
(Other Output Price)*(Capital)  -0.0741  0.0890 -0.83
(Other Output Price)*(Crops)  -0.0062  0.0503 -0.12
Hired Labor Dummy  -0.0876  0.0439 -1.99
Time (1993 = 1)  -0.0032 0.0009 -3.38
Constant 1.5288  0.2265 6.75
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Table A.52 (continued) 
Efficiency Term Variance          
Variable  Coef  Std Err   Z 
       Net Farm Income per Cow from the 
Previous Year  -0.4984 0.022535 -22.12
    
Age 0.3523 0.220473  1.6
    
Education -1.4879 0.288606  -5.16
    
Milking Frequency  -0.3995 0.08939  -4.47
    
DFBS Participation at least 4 years  -0.3418 0.095689  -3.57
    
DFBS Participation at least 7 years  0.1724 0.101737  1.69
    
DFBS Participation at least 10 years  -0.1269 0.137846 -0.92
    
Net Farm Income Dummy  0.0541 0.121472  0.45
    
Constant -1.3143 1.226476  -1.07
Residual Term Variance      
Variable  Coef  Std Err   Z 
     Net Farm Income per Cow from the 
Previous Year  1.8617 0.1450 12.83
    
Age -0.2258 0.3104  -0.73
    
Education 0.62927 0.3946  1.59
    
Milking Frequency  -0.6324 0.1146  -5.52
    
DFBS Participation at least 4 years  0.1483 0.1318  1.12
    
DFBS Participation at least 7 years  -0.1565 0.1252  -1.25
    
DFBS Participation at least 10 years  0.5794 0.1850  3.13
    
Net Farm Income Dummy  0.1205 0.1565  0.77
    
Constant -9.1550 1.6918  -5.41
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